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Preface 


Perceptual motor skill learning and performance are studied both 
within experimental psychology and in engineering, industrial, 
military, and athletic settings. Although this text includes refer- 
ences to uses of basic findings and to basic findings in applied set- 
tings, it is intended as a survey of acquisition of skill as a part of the 
experimental psychology of human behavior. 

This is the first book-length presentation to junior and senior stu- 
dents of skill acquisition. A first survey has alternatives beyond the 
decision on basic-applied emphasis. With none of the gaps yet 
filled, many orientations—to task taxonomy, significant variables, 
Systematic points of view —have reason; and, as both are needed, a 
first work might aim either for wide coverage or great depth on the 
most significant matters. 

This text, however, has its origin in the 1966 publication of Acquisi- 
tion of Skill, written for a professional and near-professional audi- 
ence. The policy followed for that work was to invite a number of 
experts to prepare original chapters on their individual specialties. 
Depth of coverage was thus automatically assured. Breadth came 
from the diversity of specialties and the dimensions defining the 
specialties individual authors stressed task, research area, vari- 
a mixture. It meant a loose organization, but 


ables, design, system, or 
ed for this book, which is, in 


it worked; the same policy was follow 
part, a revision of Acquisition of Skill. Six contributors to the original 
version revised or rewrote their material as needed for the advanced 
undergraduate student; one with a new co-author wrote on his orig- 
inal topic; and four authors contributed new chapters. 

Chapter 1 includes an introduction to the field and a historical re- 
view of the areas of research that have been emphasized. Chapter 2 
offers a different kind of beginning—the development of skill in the 
early years of life—and outlines a developmental hierarchy of skill 
that is meaningful for the remainder of the work. Chapters 3 and 4 
both combine one of the areas of research treated in the historical 
introduction. with an approach that diverges from historical pro- 


vii 


viii Preface 
jection. Together, Chapters 1-4 provide a broad introduction to 
perceptual motor behavior. Chapters 5-9 are treatments in depth of 
current areas of research — individual differences, retention, transfer 
of training and feedback that are also major topics in the historical 
review. Chapters 10, on tracking, and 11, on selective learning, sur- 
vey a wide range of variables; they are, effectively, overviews of the 
variables in human behavior and at near-opposite ends in the taxon- 
omy of perceptual motor tasks. Chapter 11, in addition, seriously treats 
its variables within a general theory of learning. (The chapter order is 
by no means limiting. Chapters 5-9, for example, might well be read 
first, while their historical background. can be easily recalled, or 
Chapters 10 and 11 first rather than last, because they are comprehen- 
sive overviews of many variables and their effects.) 

For the editor, the writer thanks the authors for their contributions 
and cooperation; each deserves a special acknowledgment for making 
it possible to complete this work, 


INA MCD. BILODEAU 
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CHAPTER 1 


Historical Introduction 


ARTHUR L. IRION' 


Tulane University 


I. Introduction 


The history of research in the area of motor skills extends from 
the very end of the last century to the present day. Although it is diffi- 
cult to identify a first experiment, the best-known early investigations 
were those of Bryan and Harter (1897, 1899) on the learning of tele- 
graphic language. These papers were preceded by an earlier study of 
Bryan's (1892) and a paper by Dresslar (1891-1892). However, there 
does not appear to have been a "founder of this area of research in 
the sense that Pavlov founded the work in conditioned response 
learning or Ebbinghaus founded the field of verbal rote learning. Re- 
cently, Noble (1968) has nominated Woodworth as a candidate for 
foundership on the basis of his book, Le Mouvement (1903). However, 
neither this work nor Woodworth’s earlier monograph (1899) on the 
accuracy of voluntary movement appears to have been referred to by a 
Significant number of subsequent authors until Ammons (1958) 
Pointed to the importance of Woodworth's contributions, : 

While it is undeniably true that here, as in other situations, want of 
identifiable ancestrv can be an embarrassment, it is also true that the 
field of motor skills probably owes some of its vitality to just that defi- 
ciency. A founder tends to define the field of discourse, to set the 
methods of investigation, to identify the problems to be solved, and, 
all too often, to bequeath a legacy of sterility as well. Too frequently, 
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the dead hand of the founder continues 


to reston the helm of the ship, 
the weight of the tradition he has es 


tablished serving to limit the 
k of those who have followed. 
r from a lack of variety or imag- 
are so extremely various that 
what the field of motor skills is. 
tivity in the skills area tend to 
aining field of experimental psychology to 
ment could be made in support of the prop- 


skills research is a miniature version of the 
tal psychology. The traditi 


ion, and psychometrics 


ty of defining the 


area of skills may stem 
ding father, the lack of 


à serviceable basic con- 
à more significant deficiency. Other areas of investi- 
gation have been more fortunate in this respect. The concept of the 


idea, developed so thoroughly by the associationists, proved to have 
great value for the workers in the field of rote learning. The concept 
that was the obvious analog to the idea and that should have been use- 
ful to the workers in the skills area, the Cartesian reflex, turned out to 
be not so Very useful, after all, in the skills context. Ouite evidently, 
the concept of the reflex has been much more valuable to the physio- 
logical psychologists and to the Pavlovians than it has been to the 
workers in the skills area, The difficulty is that while the idea and the 

concepts for describing behaviors that naturally 
nits, they as satisfactory for describ- 
s. It is true that some mo- 
ies of discrete events, and 
aboratory h 
in the conceptual framework of 
accomplished with real- 
of the former circum- 
able advances have been 


cept is probably 


tor performances 'onsidered as a ser 
it is also true that th i 
to consider some ot 
discrete events wh 
ism. While it can 
stance and in spite 
made in understan 
is also possible that 
prove to be more h 
In their excellent r 
"deliberately naive' 
field from other are 
the tongue, and the 
larly when one con 


s kind of m 
an beneficial, 
eview, E. A. Bilodeau 
' definition that di 
as in terms of the 
eye. Although th 
siders the restri 


and Bilodeau (1961) offera 
fferentiates the motor-skills 
relative importance of the hand, 
eir definition turns out— particu- 
Ctions they place upon it—to be 
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considerably more deliberate than naive, a somewhat more precise 
definition of coordination has been offered by Fitts (1964), to wit: "By 
a skilled response I shall mean one in which receptor-effector-feed- 
back processes are highly organized, both spatially and temporally. 
The central problem for the study of skill learning is how such organi- 
zations or patterning comes about" (Fitts, 1964, p. 244). 

The history of skills research can be broken into two rather obvious 
segments, and each of these, in turn, can be split into two smaller divi- 
sions. The major shift or break in the history appears to have occurred 
about 1945. The causes appear to be multiple. First, there was the 
publication of the very influential book, Principles of Behavior, by 
Hull (1943). Second, at the close of World War II there existed a con- 
siderable number of young experimental psychologists who had been 
exposed to skills problems in the research and aircrew selection pro- 
grams of the Army Air Corps (in Great Britain a similar influence was 
exerted by the program sponsored by the RAF and directed by Sir 
Frederic Bartlett). Then, too, following the war there was a consider- 
able amount of federal support for research in the area of skills. Final- 
ly, and most significantly, the immediate postwar period saw the intro- 
duction of new statistical techniques for handling skills data. One who 
gives more than a cursory glance at the pre-1945 skills literature is 
struck by the fact that the investigators seem to have been handcuffed 
by their inability to treat their data in meaningful ways. Occasionally 
quantitative data were presented in the form of means with their prob- 
able errors and/or with appended critical ratios for pairs of conditions. 
More often, the investigator presented his data in the form of learning 
Curves. The great preoccupation that the early experimenters ex- 
hibited with respect to learning curves probably reflects, as much 
as anything else, the want of a technique for treating their data in 
any other meaningful way. The lack of analytical power also had 
another influence, Since the research worker was more or less limited 
to the drawing of one or more curves and letting the reader come to his 
9wn conclusions, the experimenter was virtually forced to confine his 
investigations to variables that produced large effects. Lacking the 
tools for analyzing even large differences, he did not dare to venture 
into the investigation of variables that produced more subtle effects. 

If the major break in the character of skills research is accepted as 
having occurred, the further subdivision of each of the two resulting 

istorica] periods may be suggested. These subdivisions must be pro- 
Posed in a more tentative fashion. However, it does appear that the 
Pre-1945 period exhibits a change of emphasis that took place be- 
tween 1925 and 1935. Before 1925, much of the work was exploratory 
in Character — or, at least, it seems $0 when examined in retrospect. 
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1935 a greater degree of theoretica 
паса date is desired for the dividing 
ance of McGeoch’s (1927) review of the skil 
a reference date. The post-1945 era als 


entation can be observed. 
point, perhaps the appear- 
ls literature could serve as 
О appears to be divisible into 
as marked by extremely high re- 
a while the more recent period is 
ne of the traditional core problems 
niscence, for example) and by the 
approaches to the study of skills. There 
ase in research productivity during this 
event to separate the third from the fourth 
own of the Air Force Personnel Train- 
n 1957 might be suggested. 

with four periods: 1890-1927, 1927-1945, 


the present time, The first period was a time of 
ion. The second wa 


xperimental work, 
niques and concepts from other 


by the emergence of several th 


ture to the work of the period. The third period w 


mous productivity. Although the time occupied by 
years) is short, very nearly 


field was produced duri 
characteristics of the since we are still in it. Certainly 
some changes of the i 
changes are to be fou 
and particularly durin 
The contribution of rature of the skills field 
can be estimated only approximately since the 
judgment as to what s » and should n 
research. For what į 


are, 


fourth period. If a dividing 
period is wanted, the closi 
ing and Research Center i 

We are left, then, 


1945-1957, and 1957 to 
definition a 


at gave struc- 
as marked by enor- 
the third period (12 
hed research in the 


out 7% of the total pub- 


about 16%; the third era 
) about 30 %. 


A. DISTRIBUTION OF P 


RACTICE EFFECTS AND THE REMINIS- 
CENCE PHENOMENON 


One of the first skills areas to receive research attention was the 
problem of distribution of practice. Over the years, more studies have 
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been conducted in this area (and the related field of reminiscence) 
than in any other specific skills area. Early work, such as that by Starch 
(1912) and Pyle (1913, 1914), was mainly concerned with determining 
whether or not the introduction of rest periods between practice ses- 
sions did, in fact, affect performance. In very general terms, the find- 
ings of the early research may be summarized as follows: 

1. In most learning situations, but not in all of them, distributed 
practice is superior to massed practice when performance is plotted 
against amount of practice. 

2. In general, long rests are superior to short rests. 

3. As a rule, short practice sessions between rests yield better 
scores than do long practice sessions. 

There are obvious practical limitations to the implementation of the 
last two findings. Much of the early work on the distribution effects is 
summarized in Ruch’s (1928) review of the literature. 

During the second era, work on distribution effects continued and 
was marked by the emergence of several theories and hypotheses that 


were advanced to replace the “fatigue” theory that had fallen from 


favor by the 1930's. Only two of these theories seem to have had much 
impact on the skills field. These were (1) the two hypotheses concern- 
ing age maturation and stimulation maturation advanced by Wheeler 
and Perkins (1932), and (2) the Snoddy hypothesis (1935). 

Both of the Wheeler and Perkins hypotheses tend to identify the 
process of learning with the phenomenon of maturation and, in effect, 
to consider learning as a special form of stimulus-induced growth. The 
age-maturation hypothesis merely holds that the ability to benefit 
from practice depends upon the age-maturational level of the subject. 
Doré and Hilgard (1937) describe the stimulation-maturation hypoth- 
esis as follows: “At any given age-maturational level, the optimum 
rate of stimulation to secure improvement in a given function depends 


sae O ————=====—========—=—————= 


*Detailed histories of several important areas of research are not offered in this chap- 
ter. In general, topics that are important for learning and the conditions of practice have 
een considered. Not covered is all of the work on the mechanics of movement, the dis- 
crimination of stimulus situations, quantitative set, the dynamogenic effects of muscular 
tension, the psychological refractory period, and applications of information theory, 
ome of this work has been reviewed by Adams (1961a, 1962, 1964), Attneave (1959), 
Courts (1942), Meyer (1953), Poulton (1957), Saufley and Bilodeau (1963), and Smith 
and Smith (1962). The reader is also referred to Melton (1964) and to E. A. Bilodeau 
(1966). 1t is a matter of particular regret that the excellent and comprehensive work of 
Fitts and his associates in the broadly defined field of human engineering cannot be 
Covered here. The interested reader should consult the following works (which are 
arely representative of the enormous volume of material): Fitts (1951, 1958, 1964) 


Melton and Briggs (1960), and Bahrick, Fitts, and Briggs (1957). 
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upon the normal rate of stimulation-induced m 
tion" (Doré & Hilgard, p. 246). An implication а 
that, given a particular age-maturational level, stimu Spel p : = 
will give rise to a rate of growth (improvement) that is re zn - аге 
closely to total elapsed time since the beginning of practice than E Es 
total amount of practice given in that time. This last implication ксн 
theory was specifically tested by Doré and Hilgard (1937) in a ski s 
situation. Using the pursuit rotor, they distributed different amounts 
of practice through the same total amount of elapsed time. Their ac- 


quisition curves, when performance ҳу 
conventional m 


aturation in that func- 
of this formulation is 


, thereby lending support to the 
(1942) also seemed 
findings by Bell (1942) did 
pted to reconcile these con- 
at, in view of what is known about 
and rest, it is possible to predict on 
al grounds that a range of practice-rest conditions exists 
redictions of Wheeler and Perkins should be fulfilled. 
The Snoddy hypothesis posits two opposed processes of mental 
growth: primary growth and secondary growth, Primary growth is 
s pposed ty occur early in practice and to be a joint function of 
amount of practice and amount of interpolated time. The cumulative 
mean of the scores during practice is held to be a measure of the 


amount of Primary growth, This measure was 
grounds by Dor 


attacked on logical 
é and Hilgard (1938) and on empirical grounds by 
Payne (1942), Secondary growth is 


4 : be a function of the 
pase established by primary growth. It tends, therefore, to occur later 
to dissipate spontaneously in 


1952) have attem 
pointing out th 
cts of practice 
purely empiric 


for which the p 


Snoddy s results ( mphreys (1937) appeared to 
agree with Predictions that could be made from the theory as did the 


findings of Renshaw and Schwarzbek (1938), However, Bell’s (1942) 
data offered small support to the the ' 


А а S ai 1 by 
Doré and Hilgard (1938) were sl ar eu the results obtained 


ге and astati it. Were: 
their findings contrary to а clear I iction fron 0 і Not g 
replotting of earlier data see 


lier findings in a radical m; 
Hilgard offered a two-fac 
formulations by Hull; 
on (1) learning and (2) 

The third period of 


ation of ear- 
more significantly, Doré and 
tor theory of thei anticipated later 


eir two-factor theory was based 


Was ushered in by Hull’s (1943) in- 
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troduction of the concepts of reactive inhibition (1) and conditioned 
inhibition (4Lj) and by Ammons’ (19472) theoretical analysis.? With the 
introduction of these theories, people began to stop thinking about 
distribution of practice as a variable that affects learning and began to 
think of distribution as a performance variable. As if to emphasize this 
point, two important studies by Kientzle (1946, 1949) were published 
atabout this time. The results of these studies seemed to indicate that 
the effects of practice and the effects of rest resulted from the opera- 
tion of distinct and separate processes. 

The design of reminiscence experiments is continuous with the 
design of experiments on the distribution of practice (Buxton, 1942). 
With the advent of the third era, three studies of reminiscence in pur- 
suit rotor learning appeared in quick succession; Ammons (1947b), 
Kimble and Horenstein (1948), and Irion (1949). All of the studies var- 
ied length of rest and, in addition, the experiments of Ammons and 
Irion varied amount of prerest practice. From the standpoint of 
Hullian theory, however, the most significant of the three experiments 
was the one by Kimble and Horenstein. They plotted their data for 
amount of reminiscence as a function of length of rest against Hull's 
function for the decay of I, in time and obtained a tolerably good fit. A 
second experiment by Kimble (1949) used both a massed practice con- 
trol group and a distributed practice control group and yielded results 
that seemed to show that reminiscence gains could be accounted for 
in terms of the joint operation of the Hullian variables of reactive inhi- 
bition and conditioned inhibition. However, results obtained by 
Adams and Reynolds (1954) in a subsequent experiment did not offer 
much support for the notion that sIr operates in postrest performance 
to depress scores below the level of a distributed practice control 
group —at least in cases where the experimental groups shift (as Kim- 
ble's groups did not) to distributed trials following the rest. The con- 
clusion that 57, plays a negligible role in motor performance has been 
arrived at independently by Ammons and Willig (1956) and by Dig- 
man (1956, 1959). Analogous and corroborative studies using a manual 
cranking task have been conducted by E. A. Bilodeau (1952a, b, 
1954b). The cranking situation has the virtue of keeping learning fac- 
tors to a minimum, thereby allowing inhibitory factors to be revealed 


analysis that was very similar to Hull's and 
motor-learning situation in human sub- 
enerated by Hull's theory among 
s of the general 


“Ammons (1947a) advanced a theoretical 
that was specifically designed to apply to the 
jects. Perhaps unfortunately, the general enthusiasm g d 
that segment of psychologists who could become enthused by theor 
Hullian type tended to carry over into the field of motor-skills research so that Hull's 
theory was destined to be much more influential in determining future research than 
was the more specific, and in some ways more satisfactory, theory of Ammons. 
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in relatively “pure” form. Again, there is little evidence that 1, plays 
in 
a significant role. 


As of the end of the third era of o 
suggested that (1) distribution of p 
learning and (2) almost all of the d 
fits can be accounted for in terms 
tory factor that accumulates dur 


ur history, the weight of evidence 
ractice affects performance but not 
istribution (or reminiscence) bene- 
of the dissipation of a single inhibi- 
ing practice and dissipates during 
rest.* Once these conclusions had been reached there was a sharp de- 


cline in the amount of research conducted in this area—a decline 
which coincides with the end of the third era. 


If it is conceded that distribution and 
sults of the dissipation of a single kind of inhibition, 
profitable to inquire into the nature of that inhibitory 
amount of research, not all of 
respect to this problem. One 
reminiscence gains 
Irion and Gustafson 


it might then be 
process. A small 
en performed in 
as had to do with the fact that 
al transfer situations. In 1952, 
(1952) demonstrated that such 

eynolds (1952) followed these 
Studies with one that de amount of bilateral reminis- 
cence was a functio е interpolated rest period, a 
Variable known to | 


rmining amount of unilateral 
reminiscence, The findings of Grice and Reynolds, in turn, were cor- 
roborated and extended by Rockway (1953) who va 
and amount of first-hand (prerest) 
formance with the second hand was 
rest and of amount of first-h cogent suggestion was 
made by Grice and Reynolds (1952) that “the gains in bilateral trans- 
fer indicate the Presence of temporary inhibitory factors either asso- 
ciated with generali j nt or of a perceptual or cen- 
tral character,” E: 


postural and/or perceptual 
gative results, These stu 


"This view, perhaps, rather oversimplifies 
(1958, 1961) have obtained data that are 
the findings of Bourne and Arche 
the aceumulation of inhibition 
quisition is degraded, A more 
H. J. Eysenck (1965) propose 


familiar factors of Ty and JI, are combin 


matters, 
not readily 
r (1956) and Arch 
May interfere w 


Ammons (1951a) and Jahnke 
accounted for under this view while 
er (1958) have led to suggestions that 
ith Practice to such an extent that ac- 
ambitious countercurrent of theory should also be noted. 
Sa “three-factor” theory of reminiscence in which the two 


: Site ceca ed with a Consolidation factor. While some su "i 
port is given to this view 2У results previously obtained by H. J. Eys К and Maxwe 

3 s; Š; : J: Eysenc and ax 
(1961), H. J. Eysenck and Willett (1961), and by Rachman and Grassi (1965), some of 


this Supporting evidence can be interpreted in other Ways than as offering support to a 
consolidation theory. The notion of Consolidation or Perseveration was first introduced 
by Miiller and Pilzecker (1900). 
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such variables as standing, standing and watching the rotors revolve 
standing and watching other subjects practicing on the rotors, etc. 
However, Adams’ (1955) study suggested a line of explanation. He 
used a rest-filling activity that might be called active or attentive ob- 
servation. Such active observation (as opposed to ordinary rest or pas- 
sive observation) had the effect of depressing the amount of reminis- 
cence in the unilateral reminiscence situations, and Adams' findings 
have been extended to the bilateral reminiscence situation by Rosen- 
quist (1965). 

In the light of the present evidence, it would seem to be reasonable 
to conclude that the bilateral reminiscence effect is attributable to the 
dissipation of inhibition accumulated in connection with response 
systems that are common to right-handed and left-handed perform- 
ance. This conclusion, of course, fails to shed additional light upon the 


nature of the inhibitory process.” 


B. INDIVIDUAL DIFFERENCES 


The thread of psychometrics runs through the entire history of skills 
research. From the beginning, skills situations have been seen as 
likely situations for the measurement of specific aptitudes or for pre- 
dicting particular kinds of performances. The heaviest use of skills 
Situations for such purposes occurred during World War II in connec- 
tion with the various aircrew selection programs, but the general 
notion of psychomotor testing is much more ancient than this and 
Whipple's Manual (1910) contains descriptions of a number of simple 
psychomotor tests that were still being used for selection purposes 
during World War II. 

In the context of this chapter, the most important aspect of the psy- 
chometric approach concerns the study of individual variations in per- 
formance, the use of test scores to determine the factors in skilled 
Derformances, and, especially, the study of the course of individual 
variations and factor structures under the conditions of practice. 

Early work in the psychometric area tended to be concerned with 
the measurement of the dispersions of scores about mean perform- 
ances and with the contributions to total variability of such factors as 
age and sex. For the most part, these studies were empirical in orien- 
tation and the specific findings of them need not be discussed here. 


"One not very hopeful suggestion concerning this problem which has been offered by 
d by Duncan (1956) would identify reactive 


Kohler and Fishback (1950) and defende | : 
hibition with such perceptual “satiation” phenomena as figural aftereffects. Accord- 


Ing to this view the important variable involved in the effects of work is not the work, 


itself, but the kinesthetic stimulation resulting from the work. 
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However, toward the end of the secon 


d era of our history, a NC d 
set of papers was produced by Woodrow (1938a, b, c, 19392, b, 1940, 
1946). 
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Several of Woodrow's conclusions 


and observations have a remark- 

ably contemporary aura about them, Writing in 1938, he noted that 

marked changes in factor loadings may occur as a result of practice 
(1938a, p. 227) and he concluded: 

If the goodness of the 

independently variable 

ditions under which the 


scores be regarded 
abilities, then practi 
various constitue: 

Woodrow also noted 
final (postpractice) 


as determined by a set of cooperating but 
ce may be regarded as a change in the con- 
nts of this set of abilities operate. 

that gain Scores usually correlate highly with 
scores, but poorly with initia] scores. In 1938 and 
he failed to uncover a genera] improvement factor 
> 1938а, 1946). Finally, Woodrow’s conclusion (1938b, pp- 
eserves to be quoted. 

In recent years, experimental 
made notable Progress і 
theories advanced are helpful mai 
improves with practice, i.e., th: Before any account of the phe- 
nomena of practice and learning can be complete, however, it must take account of two 
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ing-off with practice in the correlation between the first obtained and the last obtained 
scores. 
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World War II lent further impetus to the psychometric approach, 
both in terms of the collection of large amounts of data in aircrew 
selection situations and in the development of a considerable number 
of relatively sophisticated devices for testing psychomotor abilities 
(Melton, 19472, b). Following the war, one of the first problems to be 
attacked was the relative power of tests to predict psychomotor per- 
formances early and late in practice. For example, Reynolds (1952) 
correlated a considerable number of test scores with performance on 
the Complex Coordinator at various stages of practice on the latter. He 
found that the predictive value of the tests decreased as practice on 
the Complex Coordinator increased. Reynolds suggested that, as prac- 
tice increased, the abilities demanded in performance might shift to 
those that were more specific to the particular task at hand. This hy- 
pothesis was not given much support by the findings of Adams (1953, 
1957) or by the results of Parker and Fleishman (1961) which showed 
that selected outside tests, presumably those that measure abilities 
relative to performance later in practice, were more predictive of final 
Derformances than were scores taken from the same task early in prac- 
tice. However, in fairness to the specificity hypothesis of Reynolds, it 
Should be noted that Fleishman and Hempel (1954, 1955) found that 
the loadings of some task-specific factors (in the Complex Coordinator 
and the Discrimination Reaction Time tests) increase with practice. 

From such findings, it would seem to follow that practice can be 
regarded as being accompanied by a change in the pattern of abilities 
being employed in performance. Such an interpretation was made by 
Woodrow (1938b), Fleishman (1956), and by Fleishman and Hempel 
(1955). Tones (1959, 1960, 1962, 1966) presents strong arguments in 
favor of what he terms a simplicial hypothesis to account for the super- 

iagonal form of the correlation matrix and for the data relating to the 

Prediction of scores at various levels of practice from outside test 
Scores, 

A series of studies (e.g. Woodrow, 


and Adams, 1954; Zeaman and Kaufman, 199 s Sgen 
Problem area should be mentioned in passing These investigations 


Concern the fate under practice of groups that have been fractionated 
according to initial scores. Following the logic imposed by the de- 
creasing correlation between trial one scores and performance on sub- 
Sequent trials, it might be assumed that the groups will converge as 
Practice progresses. This result is sometimes, but not always, obtained 
In the laboratory. However, if x represents an individual s score early 
in Practice and y represents his score late 18 practice (both x and y 

eing stated in deviation form), then, according to a common form of 

€ regression equation, y =" (cylox) х. If the value of r exhibits a sys- 


1938b; Adams, 1957; Reynolds 
1955) relating to this general 
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under conditions of massing and distribution and reported a strong 
interaction effect, the longer materials being disproportionately easier 
to learn under distributed than under massed practice conditions. In 
the case of the whole-part problem and its relation to research on the 
distribution of practice, there have been experiments in which both 
whole and part methods of practice were used with and without the 
addition of rests. For example, Crafts (1930) used a letter-substitution 
task and found that the whole method was about equal (or slightly 
inferior) to the part methods he employed when practice was massed, 
but that the whole method was distinctly and consistently superior 
under conditions of distributed practice. 


D. FEEDBACK 


“The problem of knowledge of results or feedback has a long and 
involved history, but the majority of the studies of feedback have been 
conducted during the third and fourth periods of our history. 


Early work on knowledge of results lows more or less directly from 


Thorndike’s (1911) statement of the Law of Effect. By the late 1930's, a 
] been conducted which showed 


considerable number of studies had b о {шен 
that knowledge of results was ап effective variable, that little improve- 
ment occurred without it, that the introduction of it was followed by 


improvement, and that withdrawal of knowledge of results was fol- 


lowed by a deterioration of performance. 

Most of the early studies of knowledge of results were concerned 
with the effects of either giving or not giving knowledge of results 
rather than with the effects that could be produced by varying the 
ways in which knowledge of results was given. Furthermore, the re- 


sults of animal experimentation on reinforcement and the formulation 


of reinforcement theory by Hull (1943) exerted a strong influence on 
the way knowledge of results was considered in the motor learning 
situation, There was a considerable, and an unfortunate, tendency to 
accept the findings of animal research on problems of reinforcement 
as being directly translatable to human verbal and motor-learning sit- 
uations. 


A return to the study of knowledge of results in the context of hu- 
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a series of recurring events is probably best 
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task is best learned as a whole, but where the elements 
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In a study of learning as a function of frequency of feedback, E. A. 
Bilodeau and Bilodeau (1958a) compared the learning of groups that 
received 100, 33, 25, and 10‘ knowledge of results in a lever position- 
ing task. Although, as the authors point out, there are numerous dif- 
ferences between the partial reinforcement situation as it has been 
studied in animal experiments and the “partial knowledge of results" 
procedures used in their experiment, their finding that “learning is 
independent of relative frequency and positively related to absolute 
frequency” of knowledge of results does not seem to mesh very well 
with the results of the animal experiments as these are usually inter- 
preted. More recently, Taylor and Noble (1962) have obtained some- 
what similar results using 100, 75, 50, and 25% knowledge of results 
in the Selective Mathometer situation. They found that their 100% 
group was best in acquisition (when performance is plotted against 
either number of trials or number of reinforcements). There was a 
Suggestion that the 100% group was slightly more susceptible to ex- 
tinction, although this result was confined to the early extinction 
trials, 


A considerable number of studies involve transformations of knowl- 


edge of results. The simplest of these transformations involves vary- 
ing target size in tracking or pursuit situations (E. A. Bilodeau, 1956). 
Over a considerable range of target sizes, target size does not appear 
to affect learning. It should be pointed out that target size can be in- 
creaséd as well by transforming the subject’s true score into a reported 
feedback that contains a good bit of latitude for response error as by 
Increasing the physical size of the target button on a pursuit rotor. The 
reporting procedure has the advantage that the recorded score and the 
reported score are not both affected by the "size of the target—a fac- 
tor that seems to account for all of the performance differences of sub- 
jects using different physical sizes of targets. Using such verbal trans- 
Ormations, it can be shown that drastic reductions or increases in the 
error reported as feedback can have a deleterious effect upon perfor- 
mance, with reduction having more effect than increase (if the subject 
is always informed that he “hit the target, his performance fails to 
Inprove), For example, using the Manual Lever Test, E. A. Bilodeau 


19544) transformed true scores by making them 0, 2, 4, 8, or 16 units 
actually were. In this situation, the 0 


Closer to i 
the goal score than they 
Kem feedback, and the 2, 4, 8, and 16 


г] x 

Stroup was given its true score as . 
Sroups worked with successively broader targets. The results indi- 
"ated that the groups with the narrower targets learned more rapidly 


an the groups with the broader targets. In a second study, E. A. Bilo- 
Cau (1955b) compared transformations that reduced error by various 
amounts to transformations that increased error by the same amounts. 
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pare retention of the two habits. In their experiment, the pursuit rotor 
habit was better retained than the verbal habit, although the differ- 
ence was attributable, in part, to the fact that the motor habit exhibited 
a considerable amount of reminiscence, especially after the shorter 
retention intervals. 

The problem of the relative retention value of verbal and motor 
habits was not to be raised again in precisely this form and, in retro- 
spect, the issue may be argued from a number of viewpoints. The first 
of these would have it that such comparisons are meaningless because 
itis not possible to work with truly comparable situations and that the 
equation of such factors as degree of learning cannot be accomplished 
in a meaningful way. A second kind of argument would state that there 
is little difference between motor forgetting and verbal forgetting 
because verbal forgetting is really much smaller than it is traditionally 
supposed to be (cf. Underwood, 1957). A final point of view would 
concede that motor habits are remarkably resistant to forgetting and 
would then marshall arguments to explain this resistance. The most 
familiar arguments are (1) that motor habits are generally better 
learned than verbal habits and, hence, are less susceptible to forget- 
ting; (2) that motor habits are less susceptible to interference effects 
than are verbal habits because the extraexperimental world offers 
fewer opportunities for the learning of competing habits in the case of 
motor habits than in the case of verbal habits; and (3) that the situa- 
tions for measuring motor retention are biased to produce high mem- 
Ory scores while the situations for measuring verbal memory are 
biased to produce high amounts of interference and forgetting 


(cf. Irion, 1966). | | 

During the third period, the problem of retention also received a 
considerable amount of attention. In the contemporary period, studies 
of retention have tended to turn away from tracking-type, time-on-tar- 
get situations and the concepts these situations use, and have shifted 
More in the directions that have been taken by studies of retention in 
Verbal-learning situations. The influence of the kind of theoretical 
Work done by Underwood (1957) and Underwood and Postman (1960) 


» beginning to be felt. Р 
A variety of studies of the retention of motor skills were conducted 
uring the third era. For the early part of the period, these studies may 
е divided into two varieties; those concerned with retention, as such, 
and those concerned with the warming up phenomenon. 
A number of studies using the pursuit rotor were conducted. These 
employed retention intervals ranging from 1 week (Jahnke, 1958) 
rough 4 weeks (Jahnke & Duncan, 1956) and l year (Bell, 1950; S. B. 
Я Eysenck, 1960), to 2 years (Koonce, Chambliss, & Irion, 1964). All 
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Attempts either to influence the level of initial performance or to 
reduce the amount of warm-up decrement present in postrest per- 
formance by introducing an independent warming-up activity have 
met with mixed success. Ammons (1951b) failed to obtain any indica- 
tion of improved initial or postrest performance on the rotor as a result 
of using any one of several kinds of prepractice activities. Walker, 
DeSoto, and Shelly (1957) also report negative results. In this investi- 
gation, right-handed rotoring failed to serve as an effective warming- 
up activity for left-handed rotoring. On the other hand, Silver (1952) 
used the reversed alphabet task and found that postrest performance 
was facilitated by prerecall warming-up. He found that amount of fa- 
cilitation increased and then decreased as a function of amount of 
massed warming-up activity, that the optimum amount of massed 
warming-up depended upon the amount of prerest practice, and that 
subjects could tolerate greater amounts of distributed warming-up 
than massed warming-up. These findings are generally more compati- 
ble with results obtained in verbal retention situations, but perhaps 
this greater compatibility results from the fact that the alphabet print- 
ing task more resembles verbal learning situations than it resembles 
the rotoring situation. Perhaps, and for reasons unknown, it is not pos- 
sible to reinstate facilitative sets in learning situations that involve 
small amounts of response selectivity or high amounts of response 
unavailability, or both. 


F. TRANSFER OF TRAINING 


An area of research that emerged during the second period and was 


destined to grow in importance dealt with the problem of transfer of 


training. The early findings of Thorndike and Woodworth (1901) 


Served as a basis for several early studies of transfer such as those by 


Pyle (1919), McGinnis (1929), and Crafts (1935). These studies, which 
were exploratory in character, yielded a finding that was to become 
discouragingly familiar to later investigators: that it is much easier to 
produce positive than negative transfer effects in motor-learning situa- 
tions. During the second period, much of the work on transfer appears 
to have been influenced by the statement of the Skaggs-Robinson 
hypothesis (Robinson, 1927), by Bruce's (1933) formulation. of the 
Conditions of transfer, and by the growing literature on proactive and 
retroactive inhibition in the field of verbal learning (reviewed by 
Britt, 1935). These influences are revealed in the studies that at- 
tempted to produce interference effects (Buxton & Henry, 1939; Bux- 
ton & Grant, 1939; Buxton, 1940). Attempts to produce retroactive in- 
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hibition failed to yield absolute losses although relative = femel 
i hibition was obtained. In retrospect, a study by Siipola and Is t of 
(1933) appears to have particular value in that it showed amoun 


ative ; ts 
interference between two tasks to depend upon the relative amoun 
of training on each of them. 


A somewhat different theoretical back 
well-known studies by Hovland 
1941). These experiments were b 
but they can be considered in t 
The studies are especially valu 


ground is reflected in the two 
and Sears (1938; Sears & Hovland, 
ased on a model of conflict behavior, 
he context of classic transfer theory. 
able in that, in addition to measuring 
"amount of interference," they analyzed the kinds of interference or 
conflict resolutions that were taking place. Hovland and Sears anno 
sion that “the probability of blockage as a reaction to conflict increases 
with the approach of the strengths of the conflicting responses m 
equality" is in essential agreement with the earlier, and less analytic, 
finding of Siipola and Israel (1933). 
The third period of researc 
pers, Gagné, Foster, and 
fer and Osgood’s (1949) the 
marked by i: 
Work of Lewis and his е mentioned. A very 
` аге cited. Lewis, Mc- 
ntional retroactive inhibition 
amounts of original training on 
active inhibition in the Mashburn Apparatus situa- 
ing exerts both facilitating and in- 
terfering effects upon the learnj 


aming of the reversed (interpolated) learn- 
ing task, although the amounts of these effects did not appear to be 
closely related to the amount 


amounts of 


of original le 
phases of relearni 


aming. Conspicuous 
ned during the early 
study, McAllister and Lewis (1951) 
hount of interpolate - Again, retroactive inhibi- 
i ibition being related to the 
learning, Somewhat similar findings 


> and McAllister (1952) for the Two- 
Situation, 


5, and others like them, 


Skills sity 
Except 


it would appear that 
lations has not been 


en when opti- 
nce are arranged, the 
weak, quite transitory, 


1. Historical Introduction 2] 


and very apt to shift to facilitation during relearning. Sometimes, as in 
Duncan's (1953) experiment, conditions that might have been ex- 
pected to yield negative transfer (on the basis of the analogy with 
verbal-learning situations) have yielded positive transfer, instead. 
Massive and persistent negative transfer effects do not seem to be ob- 
tainable, probably for the reason that the subject is learning the same 
things in the tasks that are supposed to interfere with each other. A 
pair of correlational studies by Lewis, McAllister, and Bechtoldt 
(1953a,b) supports the notion that subjects may be learning the same 
structure of skills in both the original learning and interpolated learn- 
ing practice sessions. Their findings are relevant to an observation 
made by Woodrow (1938b) to the effect that, if two practice situations б 
have a common factor in their gain scores, practice in one should re- Э 
Sult in positive transfer to the other. 2 

In short, interference and negative transfer effects are difficult to р 


bi 


CI 


m 
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Produce in skills situations. Those who favor an interference theory of oe 


forgetting can take some meager comfort from the fact that motor skills = 


Seem to be impervious to both interference and forgetting. 
: 
A second approach to the problem of transfer represents an exten- $ 


: 
sion of work on the old whole-part problem. At the beginning of the 3 
third period of our history, Gagné and his associates performed a se- ; 
ries of studies concerned with transfer from training on components to 
Performance on the whole task. They also studied the effects of verbal 
and other kinds of pretraining upon the whole task performance 
Gagné & Foster, 1949a,b; Gagné, Baker, & Foster, 1950; Baker & 
ylie, 1950). These investigations generally yielded positive transfer 
elects. Moreover, the Gagné, Baker, and Foster experiment suggests 
that, at least as far as pretraining in stimulus discrimination is con- 
Cerned, pretraining on the more difficult of two useful discriminations 
Produces the greatest amount of positive transfer. In a somewhat more 
advanced approach to the whole-part problem, rules concerning the 
Combination of component activities in predicting performance on the 
Whole activity have been sought. For example, following Ellson’s 
(1947) demonstration of the practical independence of component 
Performances on the Pedestal Sight Manipulation Test, E. A. Bilodeau 
and Bilodeau (1954) were able to predict total task means and vari- 
ances for this test from the use of two components and, using the Ste- 
vens Pursuitmeter device, they were able to predict total task means 
and Variances using three scores of component performance. In this 
Study, and in the studies of E. A. Bilodeau (1955a, 1957b), the rule of 
multiplicative proportions was found to hold approximately true, with 
€ implication that the assumption of independence of component 
erformances is supportable. The first of these studies also indicated 
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that component performances can be independently үе тре. = 
hat total performance, following the multiplicative ducis = ) 
~ oi accordingly. There results the general hypothesis that, n 
sie : lex motor task in which two (or more) component responses 
vous be made simultaneously, total performance may be drastically 


improved by an increase in the proficiency of the subject o he 
poorer component, even though that increase may be at the expense с 
the better component.’ 


III. Conclusion 


investigation reveals that, in any 

given historical period, a few authors and a few laboratories tend a 
dominate the field, This phenomenon is very apparent in the realm of 
earch, when number of authors is 

per author, a J-curve is obtained 

st authors are extremely aan 

tive while an exceedingly few people are very productive. Nearly Бин 
of the contributors to the skills literature have been the co-author o 


: ; ; 1 
опе paper only. About one experimenter in a hundred has contributed 
as many as 20 papers to the literatu 


re, and an author who has written 
more than three p; sisi he scale of productivity. 
It may be that this distribu results from the fact that 
atter their efforts over a number of 


tion of productivity 
nd to sc 


: — 
to concentrate in one area. However, E 
the same general curve seems to be obtained for contributors in other 
fields and, especially, si 


nce contributors to the Journal of Experimen- 


"А somewhat di 


(19572) in connection with the 


from the performances on sim 
terms of the one- 
hand to the tot 


fferent kind of combination rule has been proposed by E. A. iron 
prediction of performance in a two-handed tracking tas, й 
nilar one-handed tasks. Here, prediction was made it 


А z " H y each 
handed scores Weighted in terms of the contributions made by eacl 
al performance: 


tia = ањ + (1—a)t,, 
where t, and t, are the times for traversa] using the right 


separately) and a and (1-а) represent the input proportions 
on the total task. Bilodeau Suggests that, with highly practi 
two-hand performance is equal to the larger term 

be made on the d 


and left hands (measured 
of the right and left hands 
ced subjects, “the time for 


Р of the equation since prediction can 
ata from a single hand Such subjects are said to be coordinated be- 
cause the time of the hand taking the s i 
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tal Psychology (regardless of field) are distributed in the same way, it 
would seem more likely that the J-curve reflects a basic fact concern- 
ing the productivity of experimental psychologists. 

A few concluding remarks should be made concerning the system- 
atic predilections of those who have worked in the field of motor 
skills. Through the years, this group has been remarkable for its homo- 
geneity of systematic viewpoint and, since 1945, for the similarity of 
the ages and backgrounds of its members. Earlier workers in the skills 
field were mostly quantitatively minded functionalists. During more 
recent times, they have been behaviorists. This is not to say that a va- 
riety of theoretical viewpoints have not been represented. It is to say 
that there has been very little controversy concerning ultimate aims 
and purposes. The earlier work is remar cably free from the methods 
and strictures of structuralism. In later years, the intrusions of Gestalt 
theory have been so infrequent as to make each instance remarkable. 
There appears to be no example of psychoanalytically oriented re- 
Search in the skills literature, and itis difficult even to conceive of the 
role an existentialist might play in the psychomotor laboratory. Homo- 
Eeneity of viewpoint can, without doubt, be a curse as well as a bless- 
ing, and it is not within the province of this chapter to speculate about 
the kinds of work that might have been accomplished under different 
Systematic leadership, but history must record that those who have 


Worked in the skills field have been behaviorists. 


References 


Adams, J. A, Warm-up decrement in performance on the pursuit-rotor. American Jour- 


nal of Psychology, 1952, 65, 404-414. E 
dams, J. A, The prediction of performance at advanced stages of training on a complex 
Psychomotor task, USAF Human Resources Research Center, Research Bulletin, 


i 1953, No. 53-49. 
dams, J. A. A source of decrement in psyc! 


tal Psychology, 1955, 49, 390-394. " EN 
Cams, J. A. The relationship between certain measures ofability and the acquisition of 


a psychomotor criterion response. Journal of General Psychology, 1957, 56, 

121-134, 
ems. J. A. Human tracking behavior. Psych 
pis A. The second facet of forgetting: 
da Ogical Bulletin, 1961, 58, 257-273. (b) 

К а J. A. Test of the hypothesis of psych 

rental Psychology, 1962, 64 280-287. 

8 x у, 1962, 64, 2 ' | 
dams, J, A. Motor skills. Annual Review of Psychology, 1964, 15, 181-202. 

ams, J. A. & Hufford, L. E. Contributions ofa part-task trainer to the learning and 

relearning of a time-shared flight maneuver. Human Factors, 1962, 4, 159-170. 


homotor performance. Journal of Experimen- 


ological Bulletin, 1961, 58, 55-79. (а) 
A review of warm-up decrement. Psycho- 


Ad 


hological refractory period. Journal of Experi- 


24 Arthur L. Irion 


Ade A., & Reynolds, B. Effect of shift in distribution of practice conditions follow- 
6E ter polated rest. Journal of Experimental Psychology, 1954, 47, 32-36. 
tomer B. Acquisition of motor skill: I. Quantitative 
lation. Psychological Review, 1947,54, 263-281. (a) | Жы 
Ammons, R. B. Acquisition of motor skill: II. Rotary pursuit performance nou voie 2 
ous practice before and after a single rest. Journal of Experimental Psychology, 
1947, 37, 393-411. (b) 


Ammons, R. B. Effect of distribution of practice on rotary pursuit “hits.” Journal of Ex- 
perimental Psychology, 1951,41, 17-22. (a) | А 
Ammons, R. В. Effects of pre-practice activities on rotary pursuit performance. Journa 
of Experimental Psychology, 1951, 41, 187-191.(b) - 
Ammons, R. B. Effects of knowledge of performance: A survey and tentative theoretica 
formulation. Journal of General Psychology, 1956, 54, 279-299, 
Ammons, R. B. “Le mouvement." In С. S. Seward & J. P. Se 
psychological issues: Essays in honor of Robe. 
1958. Pp. 146-183. 
Ammons, R. B., Farr, R. G., Bloch, E., ^ 'eumann, E., Dey, M. 


H. Long-term retention of perceptual-motor skills. Jor 
chology, 1958, 55, 318-328, 


Ammons, R. B., & Willig, L. Acquisition of motor skill: IV. Effects of repeated periods of 
massed practice. Journal of Experimental Psychology, 1956, 51, 118-126. 

Annett, J., & Kay, H. 'Skilled performance." Occupational Psychology, 1956, 30, 
112-117. 

Archer, E. J. Effe 
tracking. Jour 


analysis and theoretical formu- 


ward (Eds.), Current 
rt S. Woodworth. New York: Holt, 


; Marion, R., & Ammons, C. 
irnal of Experimental Psy- 


ct of distribution of practice 

nal of Experimental Psycholo, 

Attneave, F, Applications of information theory to psychology. New York: Holt, 1959. 

Bahrick, H. P. An analysis of stimulus variables influencing the proprioceptive control 
of movements. Psychological Review, 1957, 64, 324-398, 

Bahrick, H, P., Fitts, P. M., & Briggs, С. E, Learning curves — facts or artifacts? Psycho- 
logical Bulletin, 1957, 54, 256-268. 

Baker, К. E., & Wylie, R. C. Transfer of verb: 


al training toa motor task. Journal of Experi- 
mental Psychology, 1950, 40, 632-638. 
Barch, A. M. Warm-up in massed 


pursuit rotor performance. Journal of 

Experimental Psychology, 1954, 47, 357-361, 

Вар, W., F., Nagel, E. H., Voss, J. F., & Br 
mensional compensatory tracking 
Psychology, 1957, 70, 75-80. 

Bell, H. M. Rest Pauses 


growth. Psychological Monographs, 1942, 54 
Bell, H. M. Retention of pursuit rotor skill after ¢ 
chology, 1950, 40, 648-649. 
Bilodeau, E. A, Decre 


variation in force 


on a component skill of rotary pursuit 
BY, 1958, 56, 427-436, 


and distributed 


ogden, W. J, Transfer 


and retention of bidi- 
after exte 


nded practice. American Journal of 
in motor learning as relat 


ed to Snoddy’s hypothesis of mental 
> No. 1 (Whole No. 243) 
)] 


ne year. Journal of Experimental Psy- 
ments and recovery from decrements in a simple work task with 
requirements at differe stages actice. erimen- 
e Реон loss. P 99-100. a Stages of practice. Journal of Experimen 
Bilodeau, E. A. Massing and spacin 
tended practice. Journal of Exper; 
Bilodeau, E. A. Speed of acquiring 
atic transformation of knowled: 
66, 409-420, 
Bilodeau, E. A. Accuracy of response 
mental Psychology, 1954,47, 201 


g phenomena as functions of prolonged and ex- 
imental Psychology, 1952, 44, 108-113. (b) 

a simple motor response as a function of the system- 
ge of results, American Journal of Psychology, 1953, 


as a function of target width. Journal of Experi- 
-207. (a) 


to 
л 


1. Historical Introduction 


Bilodeau, E. A. Rate recovery in a repetitive motor task as a function of successive rest 
| periods. Journal of Experimental Psychology, 1954, 48, 197-203. (b) 

Bilodeau, E. A. Variations in knowledge of component performance and its effects upon 
feu part-whole relations. Journal of Experimental Psychology, 1955, 50, 
Z15-224.(a 

Bilodeau, E. A. Motor performance as affected by magnitude of error contained in 

| knowledge of results. Journal of Psychology, 1955, 40, 103-113. (b) 

Bilodeau, E. A. Studies of target size and the control of psychomotor behavior through 
systematic transformation of knowledge of results. In G. Finch & F. Cameron 
(Eds.), Symposium on Air Force human engineering, personnel and training re- 
search. Publ. No. 445. Washington, D.C.: National Academy of Sciences-? Jational 

gp a Council, 1956. Pp. 17-24. | З 

au, Е. A. The relationship between а relatively complex motor skill and its com- 
, ponents. American Journal of Psychology, 1957, 70, 49-55. (a) 
Bilodeau, E. A. Patterns of internal consistency in multipart skilled performances. 
| American Journal of Psychology, 1957, 70, 550-559. (b) 
Bilodeau, E. A. (Ed.) Acquisition of skill. New York: Academic Press, 1966. 


Bilodeau, E. A., & Bilodeau, 1. McD. The contribution of component activities to the 
total psychomotor task. Journal of Ex yerimental Psychology, 1954,47, 37-46. 
frequency of knowledge of results and 


Bilodeau, E. A., & Bilodeau, I. McD. Variable f 
the learning of a simple skill. Journal of Experimental Psychology, 1958, 55. 
„ 379-383, (a) 
Bilodeau, E. A., & Bilodeau, I. McD. Variatio 
events in five studies of knowledge of results. 
ái 1958, 55, 603-612. (b) 
ilodeau, E. A., & Bilodeau, I. McD. Motor-skills le: 
p, 1981. 12, 243-280. 
ilodeau, E. A., & Ryan, F. J. Predi 
Bil ponent responses. Perceptual and 
ilodeau, E. A., Sulzer, J. L., & Levy, C. M. Theory 
Бове factors of memory. Psychological Monogray 
Bilodeau, I. McD. Accuracy of a simple positionin 
ber of trials by which knowledge of results is delay 
i, 06 S566 MRA ADT 
ilodeau, I. McD. Information feedback. In E. A. Bilodeau (Ed.), 
a York: Academic Press, 1966. Pp. 255-296. | eM 
ne, L. E., Jr., & Archer, E. J. Time continuously on target as à function of distribu- 
ene of practice. Journal of Experimental Psychology, 1956, 51, 25-33. | | 
› S. Н. Retroactive inhibition: A review of the literature. Psychological Bulletin, 
pr, 1995.32, 381—440. 

Own, J. S. A proposed program of research on | 
results) in the performance of psychomotor tas 
сз Perceptual and Motor Skills. San Antonio, 

бее. d Lackland Air Force Base, 1949. (Confere 
1933. hs Conditions of transfer of training. Journa 

ryan, W. 6, 343-361. 

; W. L. On the development of voluntary motor 

ry chology, 1892, 5, 125-204. 
pes W. L., & Harter, N. Studies in the physiology and psy 

anguage. Psychological Review, 1897, 4, 21-53- 


n of temporal intervals among critical 
Journal of Experimental Psychology, 


arning. Annual Review of Psycholo- 


ction of complex task proficiency by means of com- 
Motor Skills, 1961, 12, 299-306. 

and data on the interrelationships of 
hs, 1962, 76, No. 20 (Whole No. 


g response with variation in the num- 
ed. American Journal of Psychol- 


Acquisition of skill. 


hological feedback (knowledge of 
In Research Planning Conference 
Texas: Human Resources Research 
nce Report 49-2.) 

lof Experimental Psychology, 


ability. American Journal of Psy- 


chology of the telegraphic 


Arthur L. Irion 
26 


/ < Harter, N. Studies on the teleg angua 
Bryan, i ы т Psychological Review, 1899, 6, 345-375, 
B one ЕЕ and gains in motor learning: III. Evalu 
ref emnt Psychology, 1940, 22, 309-330, | а ар. 
Buxton, С. Е. Reminiscence in the acquisition of skill, Psychological Re 5 
191-196. 
Buxton, C. E., & Grant, D. A, 
ences, and a further 
25, 198-208, 
Buxton, C. Е.,& Непгу, С. 
interpolated task as 
1-17. 
Chase, R. A., Harvey, Si, Standfast, B Rapin, L, & Su 
1 . Effect of delayed auditory fe 
Journal of Experimental Ps 
Chase, R. А., Rapin, L, Gilde 
ba 


raphic language: The acquisition of a 


ation of results. Journal 


P а ех differ- 

Retroaction and gains in motor learning: II. Sex on 
analysis of gains. Journal of Experimental Psychology, 1939, 
{ Similarity of 

E. Retroaction and gains in motor learning: 1. poo e 
a factor in Bains. Journal of Experimental Psychology, 1939, 25, 


tton, S. Studies on sensory € 
edback on speech and keytapping. Quarterli 
uchology, 1961, 13, 141-152, (а) 


n, L., Sut + & Guilfoyle, С. Studies on sensory feed- 
II. Sensory feedback influence 


nal 
3 tapping motor tasks. Quarterly Journa 
ofE perimental Psychology, 1961, 13, 153-167. (b) 

Conklin, J. E. Effect of 


BE spi: 
on performance in a tracking task. Journal of Experi 
mental Psychology, 1957, 53,2 1-268, 

Conklin, kE Linearity of the 


tracking perform 

Skills, 1959, 9, 387-39), 

Courts, F, Relations betwee 
tin, 1942, 39, 347-368. 


Crafts, L. W, Whole and part methods with unrelated reactions. Ame 
Psychology, 1930, 42,591 601. 
Crafts, L, W. transfer as ге] 


Us 
ance function, Perceptual and Mote 


м я ке ille- 
n muscular tension and performance, Psychological Bu 


rican Journal of 


ated to number of common е 
, 13, 147-158, 

Digman, J, M. Performance under optimal Practice 
of Massing of е 


апу Practice, Journal of E 
189-193, 
Digman, J. M. Growth of 


^" General 
lements. Journal of Gene 


—€— 
conditions following three oe 
xperimental Psychology, 1956, 52, 


as a function of distribution of practice. Journal of 
Experimental Ps, 316. f 
Doré, L. R., & Hilgar, and the maturation hypothesis, Journal о 
Psy tology, 1937 „ 245-259, 
Doré, L, R.& Ніра, |, 


" Р n- 
pac atest of Snoddy 5 two processes in mer 
tal growth. Journal Of Experimental Psy, 


chology, 1938, 23,359-374. 
Dresslar, F. В, Some influe affect the rapidity 
American Journal of Psychology, 1891-1899. 4, 514-527. 
Duncan, C. PT 


Я 5 a function of degree of first-task learning 

and inter-t Ez rimental Psychology, 1953, 45, 1-11, 

Duncan, C. P, Ont he similarity bet inhibition and neural s 
ican Journal of Psychology, 1956, 69, 227-235, 

Ellson, р. G. Thei ndence of tracking in two and three dimensions with the G. E. 

; Finch (Ed.), Memorandum report, TSEAA-694-o(;. AAF Air 

mand, Engineering Division, 1947, 

Eysenck, Н. J. A three-factor theory of ге 
1965, 56, 163-181. 

Eysenck, H. J., & Maxwell, A. E. Reminiscence 
Psychology, 1961, 52, 43-52, 


of voluntary movements. 


atiation. Amer- 
Pedestal Sight. In G 


miniscence, British Journal of Psychology, 


as a function of drive. British Journal of 


1. Historical Introduction 27 


Eysenck, H. J., & Willett, R. A. The measurement of motivation through the use of 
objective indices. Journal of Mental Science, 1961, 107, 961-968. 

Eysenck. S. B. G. Retention of a well-developed motor skill after one year. Journal of 
General Psychology, 1960, 63, 267-273. 

Fairbanks, G. Selective vocal effects of delayed auditory feedback. Journal of Speech 
and Hearing Disorders, 1955, 20, 333-345. 

Fitts, p, M, Engineering psychology and equipment design. In S. S. Stevens (Ed.), 
Handbook of experimental psychology. New York: Wiley, 1951. Pp. 1287-1340. 

Fitts, P, M, Engineering psychology. Annual Review of Psychology, 1958, 9, 267-294. 

Fitts, Р. M. Perceptual-motor skill learning. In A. W. Melton (Ed.), Categories of human 
learning. New York: Academic Press, 1964. Pp. 243-285. 

Fleishman, E. A. Predicting advanced levels of proficiency in psychomotor skills. In G. 
Finch & F. Cameron (Eds.), Symposium on Air Force human engineering, person- 
nel and training research. Publ. No. 445. Washington, D.C.: National Academy of 
Sciences-National Research Council, 1956. 

Fleishman, E. A., & Hempel, W. E., Jr. Changes in factor structure of a complex psy- 
chomotor test as a function of practice. Psychometrika, 1954, 19, 239-252. 

Fleishman, E. A., & Hempel, W. E., Jr. The relation between abilities and improvement 
With practice in a visual discrimination reaction task. Journal of Experimental Psy- 
chology, 1955, 49, 301-312. 7 

Freeman, F, N., & Abernethy, E. M. Comparative retention of typewriting and of sub- 
stitution with analogous material. Journal of Educational Psychology, 1930, 21, 
639-647. 

Freeman, F. N., & Abernethy, E. M. New evidence of the superior retention of type- 
writing to ‘that of substitution. Journal of Educational Psychology, 1932, 23, 
331-334, е € 

"agné, R. M., Baker, К. E., & Foster, Н. Transfer of discrimination training to a motor 
,_ task. Journal of Experimental Psychology, 1950, 40, 314-328. P 
Gagné, R. M., & Foster, H. Transfer of training from practice on components in a motor 
_ Skill. Journal of Experimental Psychology, 1949, 39,4 7-68. (a) | 

"ENG, R. M., & Foster, H. Transfer to a motor skill from practice ona pictured repre- 

sentation. Journal of xperimental Psychology, 1949, 39, 342-354. (b) үче 
“agné, R. M., Foster, H., & Crowley, M. E. The measurement of transfer of training. 
Psychological Bulletin. 19 “97-130. 
Jurvey, co er D ene H. Р. Te pieta effects of е 
Be ind “control lags” on the performance of manual tracking systems. Journal of 

Grice, б, г лыт ран amounts of rest on conventional апа bi- 
lateral transfer 8 reminisencass Journal of Experimental Psychology, 1952, 44, 

| 2. 7-959. 

Hilgard, E. R., & Smith, M. B. Distribu 
Within and between daily sessions- 
136-146, ? 

апа, С. Т. & Sears, К. К. Experiments 


ited practice in motor learning: Score changes 
Journal of Experimental Psychology, 1942, 30, 


tov] on motor conflict: I. Types of conflict and 
thei »rimental Psychology, 1938, 23, 477-493. 
Hul heir modes of resolution. Journal of Experimente y d 


2e г. 1943. 
БОН. Рене уе shavior. New York: Appleton-Century, Is | 
Tumphrey-s WW qoos ee in pursuit rotor learning. Journal of Psychology, 


1937, 3 Е 

ү. 1997, 3, 429-436, . —" И 
Шоп, A. The relation of ‘set’ to retention. Psychological Review, Дм ре ee 341. 

- L. Reminiscence in pursuit-rotor learning as a function of length of rest and of 


Arthur L. Irion 


amount of pre-rest practice. Journal of Experimental Ps 
Irion, A. L. A brief history of research on the 
Acquisition of skill. New York: Ace 
Irion, A. L., & Gustafson, L. M. Reminisce 
mental Psychology, 1952, 43, 321-323. 
Jahnke, J. C. Retention in motor learning 
Journal of Experimental Psychology, 1 
Jahnke, J. C. Postrest motor learning 
Journal of Experimental Psy 
Jahnke, J. C., & Duncan, C. P, 


ychology, 1949, 39, eru 
acquisition of skill. In E. A. Bilodeau (Ed.), 
c Press, 1966, Pp. 1-46. 
nce" in bilateral transfe 


r. Journal of Experi- 


ice г ost. 
as a function of amount of practice and res 

958, 55, 270-273. hs 
performance as a function of degree of learning 
uchology, 1961, 62, 605-611. 


Reminiscence and forgetting in motor lez 


arning after ex- 
5 273-282. 
tended rest intervals. Journal of Experimental Psychology, 1956, 52, 273-282 
Jones, E. L, & Bilodean, E. А. Retention 


and relearning of 
skill after 10 months of no Practice. USAF Human Re. 
letin, 1953, No, 53-17. 
Jones, M. B. Simplex the. 
Jones, M. B, Mol 
Jones, M. B. p. 
274-294, 
Jones, M. B. Individual diffe. 
York: Academic p 
Kientzle, М 


а complex Derim mae 
sources Center Research Bu 

ory. USN SAM Monograph, 1959, No. 3. 
ar correlational anal USN S. 
ractice as a process of simplifie: 


AM Monograph, 1960, No. 4. | А 
ation. Psychological Review, 1962, 69, 


rences. In E. A, Bilodeau (Ed.), Acquisition of skill. New 
ress, 1966, Pp. 109-146, ? 
1. J. Properties of learning curves under varied distributions of practice, Jour 
nal of Experimental Psychology, 1946, 36, 187-211. 
Kientzle, M. J. Ability patterns unde 


chology, 1949, 39, 532-537, 
Kimble, С. A. An experimental test of a two.f; 


imental Psychology, 1949, 39, 15-2 
Kimble, С.А 


r distributed practice, 


"E i Psy 
Journal of Experimental Psy 


E RA "Exper- 
ictor theory of inhibition. Journal of Exp 


кез нунан! 
: Transfer of work inhibition in motor learning, Journal of Experimen 
Psychology, 1952, 43, 391-399. 
Kimble 


SG. A, & Horenstein, B. R. Reminiscence 
length of interpolated rest. Journal of Experime 
Kóhler, W., & Fishback, J. The destruction of th 
trials: IT, Satiation patterns and me 
Ey, 1950, 40, 398-410. 
Koonce, J. M., Chambliss, "р.у. & Irion, A. L, Suppleme 
niscence in the Pursuit-rotor habit. Journal of Expe 
498-500, " 
veavitt, Н. J., & Schlosberg, H. The retention of verbal and of motor skills. Journal of 
Experimental Psychology, 1944, 34, 404-417. 
Lewis, D., McAllister, D, E., & Ad, 
ance on the Modified Mashl 
original learning, Experimental y, 1951, 41 , 247-260. 
ewis, D., McAllister, D, E., & Bechtoldt, H, p. Correlational analysis of the learning 
and relearning of fe tasks on the Modified Mashburn Apparatus. Journal 
of Psychology, 1953, 36, 83-109, (a) 
Lewis, D, r, D. E., & Bechto 


E ; f 
in motor learning as a een 
ntal Psychology, 1948, 38, 239-244. 
* Miiller-Lye 


iom in repealed 
r illusion in repeate 
mory traces. Journal of E 


xperimental Psycholo- 


ami- 
ntary report: Long-term rer 


rimental Psychology, 1964, 67, 
L 


я " in perform” 
ation and interference in perforr 
L. The effects of vi 


arying the amount of 
Psycholog 
L ә 


i ldt, H. p. Correlational study of performance dur- 
ing на ive plies of practice on the standard an reversed tasks on the SAM 
comple Coord inator. Journal of Psychology 1953. 36. | 11-126. (| 
Lewis, D., Smith, p. N.& McAllister, D. t efi tn 
performance on the Modifie 


: Retroactive faci 


d Two-Hand Coordi ate 
Psychology, 1952, 44, 44-50, s 


Lorge, IL, & Thorndike, E. L. The 
Journal of Experimental Psych 


ilitation and interference al 
т. Journal of Experimenta 
influence of de 


lay in ffect of a connection. 
ology, 1935, 18, 186-1 


the after-e 
94. 


1. Historical Introduction 29 


Lyon, D. O. The relation of length of material to time taken for learning and the opti- 
mum distribution of time. Journal of Educational Psychology, 1914, 5, 1-9, 85-91 
155-163. ` 

McAllister, D. E., & Lewis, D. Facilitation and interference in performance on the 
Modified Mashburn Apparatus: П. The effects of varying the amount of interpo- 
lated learning. Journal of Experimental Psychology, 1951, 41, 356-363. 

McGeoch, J. A. The acquisition of skill. Psychological Bulletin, 1927, 24, 437-466. 
McGeoch, J. A. The comparative retention values of a maze habit, of nonsense syllables, 
and of rational learning. Journal of xperimental Psychology, 1932, 15, 662-680. 
McGeoch, J. A., & Irion, A. L. The psychology of human learning. (2nd Ed.) New York: 


Longmans, Green, 1 
McGeoch, J. A., & Melton, A. W. The comparative retention values of maze habits and 


of nonsense syllables. Journal of Experimental Psychology, 1929, 12, 392414. 

McGinnis, E. The acquisition and interference of motor habits in young children. Ge- 
netic Psychology Monographs, 1929, 6, 203-311. 

Melton, А. W. (Ed.) Apparatus tests. Washington, D.C.: U. S. Govt. Printing Office, 
1947. (AAF Aviation Psychology Program Research Report No. 4.) (a) 

Melton, А. W. (Еа) Apparatus tests (supplement). Washington, D.C.: U. S. Govt. 
Printing Office, 1947. (AAF Aviation Psychology Program Research Report No. 4, 
Supplement.) (b) 

Melton, A. W. (Ed.) Categories of human learning. New York: Academic Press, 1964. 

Melton, A. W., & Briggs, G. E. Engineering psychology. Annual Review of Psychology, 
1960, 11, 71-98. 

Meyer, D. R. On the interaction of simult 

| 1953, 50, 204-220. 

Müller, С. E., & Pilzecker, A. Experimentelle 

N Zeitschr ift für Psychologie. 1900, vol. 1. 

Naylor, J. C, & Briggs, G. E. Long-term retention of learnec 
ature, USAF ASD Technical Report, 1961, No. 61-390. 

Noble, C. E. Eri sch a se ari skills. Annual Review of Psychology, 1968, 

7 19, (in press). ` 
Noble, С. E., & Alcock, W. T. Human delayed-reward learning with different lengths of 
N task. Journal of Experimental Psychology, 1958, 56, 407-412. | 

oble, C. E., & Broussard, I. С. Effects of complex transformations of feedback upon 

Simple instrumental behavior. Journal of Experimental Psychology, 1955, 50, 

;,, 381-386. i 

sgood, C, E. The similarity paradox in human learnin 
pen 1949, 56, 132-143. T ч , =з 

er, J. F., Jr., & Fleishman, E. A. Use of analytical information concerning task re- 
quirements to increase the effectiveness of skill training. Journal of Applied Psy- 

we ogy, 1961, 45, 295-302. 

yne, B. Does the cumulative mean measure 
fal Psychology, 1942, 30,512-514. 
‚В. E, An application of Thurstone's те 


ineous responses. Psychological Bulletin, 


Beiträge zur Lehre vom Gediichtniss. 


1 skills: A review of the liter- 


и: A resolution. Psychological 


"primary growth’? Journal of Experimen- 


thod of factor analysis to practice series. 


212. 


> 
Perl 


b 
Pou sychological Bulletin, 1957, 54, 


ducational Psychology, 1913, 4, 148-158, 
Journal of Educational Psycholo- 


EY, 1914, 5,247 


e, 


Ww 51. 
6) ‚Н. Transfer and interference in c 
tology, 1919, 10, 107-110. 


Py | 
" ard-distributing. Journal of Educational Psy- 


30 Arthur L. Irion 


Rachman, S., & Grassi, J. Reminiscence, inhibition and consolidation. British Journal of 
suci ту, 1965, 56, 157-162. | 

Жыш ee "Schwarzbek, W. C. The dependence of the form of the ae ned 

learning function on the length of the inter-practice rests: I. Experimental. Journa 
eneral Psychology, 1938, 18, 3-16. 

"Wr B. The ‘effect of learning on the predictability of psychomotor performance. 
Journal of Experimental Psychology, 1952, 44, 189-198. | TR 

Reynolds, B., & Adams, J. A. Psychomotor performance as a function of initial level o! 
ability. American Journal of Psychology, 1954, 67, 268-277. 

Robinson, E. S. The 'similarity' factor in retroaction. American Journal of Psychology, 
1927, 39, 297-312. 

Robinson, E. S., & Heron, W. T. The w: 
chology, 1924, 7, 81-97. 

Rockway, M. R. Bilateral reminiscence in pursuit-rotor learning as a function of amount 
of first-hand practice and length of rest. Journal of Experimental Psychology, 1953, 
46, 337-344. 


arming-up effect. Journal of Experimental Psy- 


Rosenquist, H. S. The visual response compone 


and Motor Skills, 1965, 21,555-560. 


Ruch, T. C. Factors influencing the rel 


nt of rotary pursuit tracking. Perceptual 


ative economy of massed and distributed practice 

in learning. Psychological Review, 1928, 35, 19-45. 

Ryan, F. J., & Bilodeau, E. A. Countertraining of a simple skill with immediate and 1- 
week delays of informative feedback. Journal of Experimental Psychology, 1962, 
63, 19-22. 


Saufley, W. H., Jr., & Bilodeau, I. McD. Protective self-pacing during learning. Journal 
of Experimental Psychology, 1963, 66, 596-600. е 

Sears, R. R., & Hovland, C. I. Experiments on motor conflict: IH. Determination of mode 
of resolution by 


/ comparative strengths of conflicting responses. Journal of Experi- 
mental Psychology, 1941, 28, 280-286. 
Siipola, E, M., & Israel, H. E. H. 


American Journal of Psychology, 1933, 45, 205-227. А 
Silver, R. J. Effect of amount and distribution of warming-up activity on retention in 
‘Motor learning. Journal of Experimental Psychology, 1952, 44, 88-95. 
Smith, K. U. The geometry of human motion and its neural foundations: I. Perceptual 
and motor adapt aced vision. American Journal of Physical Medicine, 
1961, 40, 71-87. | 


Smith, K. U. Delayed sensory feedb 


ap: Ч D aining. 
abit-interference as dependent upon stage of training 


ation to displ 


А pio ack and behavior. Philadelphia: Saunders, 1962. 
Smith, K. U. (with Gould, J., & Wargo, L.) Spatial organization of neurobehavioral sys- 


, tems. American Journal of Physical Medicine, 1964, 43, 49-84. 
Smith, K. U., & Smith, W. M. Perception and motion. Philadelphia: Saunders, 1962. 
Smith, K. U., Wargo, L., Jones, R., & Smith, W. M. Delayed and space-displaced sensory 


S feedback and learning, Perceptual and Motor Skills, 1963, 16, 781-796. 
»noddy, G. S. Evide ocesses in mental growth. Lancaster, Penn.: 


nce for two opposed pr 
Science Press, 1935, 
nr e Кай of work in learning. Journal of Educational Psychology, 1912, 3, 
Stratton, G. M. Some preliminary experiments on vision w: 
image. Psychological Review, 1896, 3 611-617. 
Stratton, G. M. Vision without inversio 1 f stinal i 
А th r age. Ps. 
РИТ, n of the retinal image. Ps 
Taylor, a & Noble, GE Acquisition and extinction phenomena in human trial-and- 
error learing under different schedules of reinforcing feedback. Perceptual and 
Motor Skills, 1962, 15, 31-44, 


ithout inversion of the retinal 


ychological Review, 


1. Historical Introduction 31 


Thorndike, E. L. Animal intelligence. New York: Macmillan, 1911. 

Thorndike, E. L. Educational psychology. New York: Teachers College, Columbia 

А Univer., 1914. 

Thorndike, E. L., & Woodworth, R. S. I. The influence of improvement in one mental 
function upon the efficiency of other functions. П. The estimation of magni- 
tudes. II. Functions involving attention, observation and discrimination. Psycho- 
logical Review, 1901, S, 247-261, 384-395, 553-564. 

Underwood, B. J. Interference and forgetting. Psychological Review, 1957, 64, 49-60. 

Underwood, B. J., & Postman, L. Extraexperimental sources of interference in forget- 
ting. Psychological Review, 1960, 67, 73-95. 

Walker, L. C., DeSoto, C. B., & Shelly, M. W. Rest and warm-up in bilateral transfer on а 
pursuit rotor task. Journal of Experimental Psychology, 1957, 53, 394-398. 

Waters, R. H., & Poole, G. B. The relative retention values of stylus and mental maze 
habits. Journal of E. »erimental Psychology, 1933, 16, 429—434. 

Wheeler, R. H., & Perkins, F. T. Principles of mental development. New York: Crowell, 
1932. 

Whipple, G. M. Manual of mental and physical tests. Baltimore: Warwick & York, 1910. 

Wolfle, D. Training. In S. S. Stevens (Ed.), Handbook of experimental psychology. New 
York: Wiley, 1951. Pp. 1267-1286. 

Woodrow, H. The relation between abilities and improveme 
Educational Psychology, 1938, 29, 215-230. (a) 

Woodrow, H. The effect of practice on groups of dif 
cational Psychology, 1938, 29, 268-278. (b) 

Woodrow, H. The effect of practice on test intercorre 
Psychology, 1938, 29, 561-572. (c) 

Woodrow, H. Factors in improvement with practice. Journal of Psychology, 1939, 7, 


nt with practice. Journal of 
ferent initial ability. Journal of Edu- 


lations. Journal of Educational 


55-70. (a) 
Woodrow, H. The relation of verbal ability to improvement with practice in verbal tests. 


Journal of Educational Psychology, 1939, 30, 179-186. (b) 
Woodrow, H. Interrelations of measures of learning. Journal of Psychology, 1940, 10, 


49-73. 
Woodrow, H. The ability to learn. Psychological Review, 1946, 53, 147-158. 
Woodworth, R. S. The accuracy. of voluntary movement. Psychological Review, 1899 
(Monograph Suppl., Whole No. 13). 
Woodworth, R. S. Le mouvement. Paris: Doin, 1903. 
Zeaman, D., & Kaufman, H. Individual differences 
Psychological Monographs, 1955, 69, No. 6 (Whole No. 391). 


and theory in a motor learning task. 


CHAPTER 2 


The Development of Motor Skills 
From Birth to Adolescence’ 


HARRY KAY 
University of Sheffield 


This chapter has three aims: (1) to present briefly an каа to 
; talos > 
the study of psychomotor skills and to say why developmental studies 


have so much to contribute; (2) to examine what has been accom- 


plished in the developmental field; and (3) to indicate future needs in 


this area. 


I. Orientation to the Study of Skills 


Homo sapiens has perhaps inevitably always шее се 
weight to those studies of himself where he stores and uti ona 1 o 
mation. Here was man’s unique ability, his manipulation о nt oe 
his mastery over the limitations of his immediate a ue naque. 
environment. By contrast he shares his motor wipe: "a "ns ed 
mal species who are often superior to him. The psycho apis B s ee В 
hot be surprised to find that ће study of skills has 5 — T a 
Secondary position where it has generally been considered within the 


ty, London, for 


Spastics Society 
indebted to his 


"The writer wishes to acknowledge the support of the's ruled 
Work in the Department of Psychology at Sheffield. He is particu а y ind ' 
colleague, Mr. Kevin Connolly, for his invaluable help, and to Miss Susan Stuart-Harris. 
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framework of other psychological theories, notably learning theory 
am 
(Irion, 1966). 


For the writer, brought up in the Cambridge mince e» 
to the study of skills, the approach has always been c I ; n 
did not come in by the back door. They were an essentia par nd 

ic inki artlett, 1948). Many of the characteristics o 
psychological thinking (Bartlett, eee d 
skills hold over a wide range of human performance such : p at 
tual-motor tasks, gross bodily movements, fine manipulations; spe "i 
production, problem solving, and the like. These activities were 9 б 
amined as examples of how man processes information and the brin 
sary problems which he faces because of the system that his rie 
muscular, and central nervous system constitute. For example, vai 
receptor and effector system is so organized that the serial ordering p 
events is one of its main features. This problem is much the same 
whether we consider it in terms of muscular control requiring tam; 
poral coordination as in a simple grasp response, or the obvious se- 
quential ordering required in everyday speech. Where man is able to 
program a series of events which he is able to execute with the mini- 


mum reference to external criteria he achieves an 
of speed and coordination, 


or simultaneously running 
exhibits on the one hand a 


astonishing degree 
as in skills such as piano playing, singing, 
and throwing. The skilled performance 
more and more efficient execution of its 
specific motor responses and on the other a greater flexibility in meet- 
ing the contingencies that do occur. It is one of the features of a bio- 
logical machine that when properly trained and practiced its perfor- 
mance is improved both on repetitive tasks 
them. The significance of 
5ропѕеѕ are exact] 


adept at producin 


and on variations upon 
this may lie in the argument that no two re- 
y identical. Certainly, the skilled games player is 
g those responses which aim to be repetitive and 
also at varying th 


€m to meet new conditions. Equally, in the verbal 
field the well-practiced A, B, C is easily manipulated into its reversal 
C, B, A; that is much easier to reverse than some middle letters of the 
alphabet such as P.Q,R. 


со 


table reaction-time delays аз а 
response is initiated to 


: is increased where inde- 
pendent signals occur closely together (Welford, 1960). The “stop-go 
nature of this type of : Е 


заг 


= 


e 
л 
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The marked restriction both in initiating responses to discrete exter- 
nal signals and in maintaining a complex, serially organized task is in 
the amount of information which the system can handle. Here again 
the characteristics of skills are those of auditory or visual perception or 
cognitive activities. Variables such as discriminability of signal 
(Crossman, 1955), compatibility between signal and response 
(Leonard, 1959), the amount of practice at a task (Mowbray & 
Rhoades, 1959) will further influence response time; but in the main 
he reaction-time type of task and the 
ongoing continuous skill is determined primarily by the uncertainty 
(information) of signals. Where the signals arise from an external 
Source, as in reaction-time studies, their uncertainty can be specified 


and the rate at which the operator is transmitting information calcu- 


lated directly. Where the signals arise from internal sources, as the 
operator monitors his performance, then the rate has to be inferred 
from such sources as the speed of movement or the accuracy of the 
responses (Fitts, 1954). The picture that emerges is the subtle way in 
Which the organism learns to cope with an otherwise unmanageable 
flood of information. When a series of signals is known they may 
either be disregarded, or monitored at such a level that they require 
the minimum channel capacity, leaving the remainder of the system 
free to cope with the mainstream of information. The significance of 
this for our present subject will be appreciated if we consider that it 
would not be possible, for example, to sit on a chair and write a letter 


at one and the same time if full attention were being given to all the 
signals from the vestibular system in order to balance oneself on the 


chair— this a very young child has to do " | | 
The present approach, then, argues that skills in their own right are 
| ts of the adaptive mecha- 


far more likely to reveal some of the secre а. 
nism of a biological system than many of the more frequently studie 


learning situations in other contexts, and that work in this field has 
already contributed in a fresh and insightful way to our understanding 
of many human activities. But there is one obvious weakness in the 
approach of the psychologist who is interested in the acquisition of 
Skills. For practical reasons he has been concerned with adult perfor- 
mance where he has excellent examples of complex skills, sometimes 
eing conducted under adverse conditions of fatigue or climate. Much 
9f adult life is spent in carrying out such skills, often in an apparently 
Confusing simultaneity. We walk and talk; we run and kick a ball; we 
Watch and listen. These constantly practiced skills have come to re- 
quire the minimum of attention. By the time the adult 18 asked to ac- 
quire a new skill he has built up such a complexity of subskills that 
of an existing routine. It 


any new act is inevitably attempted as а part | i 
is even difficult for an adult to make a random movement with his foot 


motor performance in both t 
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or hand, for when he does not think about it he carries out some easily 
predictable response such as a salute or hand signal. With an adult we 
rarely witness the learning of a new skill ab initio; rather we have the 
putting together of practiced sequences into a new totality. For exam- 
ple, if a man were asked to learn to thread a needle quickly much of 
the hand-eye coordination, the visual judgment of depth, the main- 
tenance of a steady posture both of body and of limb have all been 

practiced throughout life. The acquisition of skill in adult life is the re- 

grouping of constituent responses. This is not necessarily to be under- 

rated—the same single notes still produce a different melody when 

their serial ordering is changed. Neverthele 

many adult skills are relatively large units 

ual characteristics. We observe this in t 

which is remarkably consistent over 

If this general argument is 


low that one of the focal points where we should g 
skilled performance would be where the initi 
learned. The study of the deterioration of skills has certainly given the 
psychologist a deeper understanding of their nature and the argument 
for a study of their earliest acquisition seems, if anything, more 
soundly based. It has been left to the developmental psychologist to 
contribute to this field and his interests have necessarily differed from 
those of the human engineers and experimental psychologists. This 
chapter is a contribution toward bringing the two together in the be- 
lief that each has much to offer toward an understanding of how skills 
are acquired and maint 


ss the constituent parts of 
and maintain their individ- 
he style of games players 
a number of games. 

as true as we think it is, then it would fol- 


ain insight into 
al responses were being 


ained. 


п. Developmental Studies 


T пан неке the motor performance of a 2-year-old child, 
immobility of d quickly and with confidence, against the relative 
itin ri © neonate, the considerable progress that has taken 
je M CE obvious enough. But параме may be misleading so 

s | аз come about and 2 ac а 
acquired. We will begin at what is taken to be a meee tip ваа 
even if it is only to find that this is misleading. и 


А. THE NEWBORN 


The newborn is not so immobile as we might think. Life started 
before birth and development has taken place continuous! in üterü 
For the baby, birth is that event in the course of his decimate 
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where he changes the relative stability of the uterus to face the greater 
variability of the external environment. The motor activity of the 
neonate is a continuation of the movements of the fetus which are 
largely reflexes to tactile stimulation. But some of these are surpris- 
ingly complex and might appear to represent further advances in mo- 
tor responses. For example, consider the primary or automatic walk- 
ing of the neonate at a time when the cerebral hemispheres are not 
controlling it. If the trunk of a baby several months old is held by the 
examiner's hands so that the baby’s feet touch the ground both legs 
will be immediately pulled up. But the neonate reacts differently. 
“Both legs are extended, and by simultaneous contraction of the flex- 
ors and extensors they become rigid supports more or less capable of 
carrying the body” (Peiper, 1963). The standing baby will flex one leg 
at the knee and if the trunk is kept slightly forward he will place one 
foot down in front of the other and then make the same movement 
with the other foot or leg. Thus, even at this surprisingly early stage 
we see regular and coordinated stepping movements with the position 
of one leg dictating the action of the other. | 
It is easy to draw the wrong conclusion from such a performance in 
the newborn. Some of the neonate’s reflexes, such as the rhythmic 
sucking, the lowering and lifting of the jaw, and swallowing, are adan 
tive responses that are immediately necessary to ensure that ee 
receive nutrition. But primary walking is an anticipatory reflex t at s 
spontaneously evoked by stimulation and which will in fact be grad- 
ually inhibited as the brain begins to control the spinal cord action. 
Even in cases where attempts have been made to eonune primary 
walking by repeated practice this spontaneous activity has € out 
after a few months. On the other hand we have here a clear indication 
of an underlying mechanism responsible for such important y аон 
activity. The brain will eventually be the controlling center for = h 
movements but a mechanism by which these responses are carre "^a 
is already functioning. This would seem to prasida m ene or t 
cant example of how motor responses may be controlled from ct 
hierarchical levels such as the spinal cord or the motor a grt á 
cortex, We need hardly stress that this is an important ш | vein 
problem in skills as the complexity of performance — € AME 
Primary walking has been quoted because it is so е 
ciate the complexity of the behavior patterning wi") 1 d tabl Š Р 
dealing. Text books on developmental gale’ inc у : ables 3 
the developmental sequences in motor behavior | rom a п aba . 
These are instructive but they tend to give the impression that the 
newborn is devoid of motor responses: He has, indeed, much to learn, 
but, as Gesell says, the organization of behavior begins long before 


birth; it is indicated in his developmental diagrams (Fig. 1). 
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B. THE SEQUENCE OF DEVELOPMENT 


uence of development in the first few 
all children. The rate of develop- 
at one may sit or walk before an- 


The significance of the seq 
years is that it is much the same for 
ment varies from child to child so th 
other, buta child who cannot sit will not stand nor walk. Here, then, is 
a clear indication of the interdependence of many basic motor skills. It 
is often a prerequisite that one act be accomplished before another if 
we find that the first is a constituent part of the second. Shirley (1931) 
proposed a classificatory system in which passive and then active pos- 
tural control preceded various stages of locomotion. Bayley's (1935) 
monograph did not support Shirley's idea of prerequisite phases and 
more support has been given to such general proposals that coordi- 
nated development progresses from head to foot—the cephalo-caudal 
trend — and from those parts of the body closest to the torso to the more 


distal segments — the proximodistal trend. 


C. LOCOMOTION 

What, in fact, do these trends. imply? If we consider an example 
such as locomotion then the first stage toward walking is control of 
head movements. When a newborn is held in the prone position w 
the hand under the abdomen there is no head control and itis not tt 
about 6 weeks before the head is held momentarily in the same p ane 
as the rest of the body. By 12 weeks a baby in the prone oy rs 
take his weight on his forearms and lift his head to almost | үт а 
couch, When, during this time, he is picked up and put ^ ag si ana 
position his back is rounded at 4 weeks and only gen "d x 
to control his posture, so that it is not until about 20 wee | de 
back is straight and the position maintained. At this e ma je iR 
no longer wobbles as he sits. He progresses to се a 00 е 
around 36 weeks and can also stand at this age while holding 


furniture. Gradually, around 12 to 15 months he walks unaided, but he 


will be 2 years fore he runs. " a 

нр as ini (1937), Bayley (1965), Burnside U й 
Graw (1932. 1941, 1943), and lilingworth (1966) hate Grial walking 
developments in prone progression, erect posture, anc bow: "ll i 
in great detail and have illustrated the various meee үе, ја 
shown in Fig. 2 (see also Munn, 1965; Thompsen, : Jual tes in 
contrast to Shirley, sees the development ie St ges Por oum 
Which the patterns of one stage merge into К ails of these stages, but 


insi deta 
purpose we do not need to insist upon the ше zes, | 
when we consider their sequence rather than i: ind ы 
occurrence, their contribution to ап understanding of the skill 0 walk- 
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Fig. 2. Developme 


ntal phases in ere 
stepping movements which 
weeks. 


ct locomotion. A. Ne 
somewhat more prev. 
This is characterize. 
ppression of reflex stepping re 
and-down movements of the body and stepping motions which are noticeably 
different from those of the newborn. D. Deliberate stepping while supported. E. In- 
dependent stepping. F. Heel-toe progression. G. More mature, well-integrated loco- 
motion. (From McGraw, 1943.) 


whom posture with reflex 
alent during the first three 
d especially by better head 
actions. С. Transition stage, noted 


become 
B. Inhibition, or static phase. 
control, as well as su 
for up- 


ing is apparent. Walking is not one skill; it isa complex of delicately 
coordinated motor activities ; i sture, balance, and locomo- 
tion. The muscle g ; 


e those 
legs but the arms, trunk, and neck. If at 


source then inevitably too little 
will be paid to those from some other and this may be disastrous to the 
as a series of subskills, neatly coordinated, 
adult each subskill is sufficiently well practiced 
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as to be preprogrammed and run off with the minimum of attention. It 
may be argued that this is necessary with all speed-stressed continu- 
<ills where actions have been preset and then relegated to a hier- 
archical level where they no longer require constant monitoring. The 
performer is often unaware that he is controlling such actions, say, 
holding his head at a particular inclination or coordinating his arm 
movements, and it is only when signals arise which are totally unex- 
pected that he attends to them. What seems to happen is that the nor- 
mal pattern of signals, from both external and internal sources, is bro- 
ken by a series of unpredicted signals which the performer has to 
monitor. Put another way, the uncertainty of the signals ensures that 
their high information rate will take the operator some time to process. 
In the case of the baby no one of the subskills is sufficiently prac- 
ticed to be left without some monitoring, and this is often the explana- 
tion of why a child attends to one part of a skill and unfortunately "for- 
gets" the remainder. It is literally necessary for him to concentrate 
upon all the constituent parts of the total skill; certainly he has to at- 
tend far more than the adult who has practiced them throughout his 
life. Until a child has reached the stage where some actions can be 
preprogrammed he has to monitor signals as they arise and initiate re- 
sponses to them, and, in many instances, there is not ndis bea 
do this. Here, as so often with skills, the worse the player the harder 


the task. БУИ 

The extent to which children have to attend to every part ofa skill is 
brought out when they are asked to walk along boards аа т 
widths. Halverson (1940) used boards of 8, 6, 4, and 2 ст Е s 
dren aged 3, 4, 5, and 6 years. Only a few of the A aia child e 
walked the board with both feet; the others always had one poton he 
floor and had to be excluded from the records. It was found vos os 
speed of walking the individual boards increased with age while the 


numberof errors decreased. The narrower the board the аве і the 
difficulty of performance and the greater the variability ol n i 
ance in terms of errors. This type of task can be nicely "e | s the 
ability of the child and brings out the difficulty a younger child has In 


in keepi is balance. 
walking with his feet in alignment, and in keeping his bala 


D. MANIPULATIVE SKILLS 

The human hand is the most unique of machines зар jen е 
cause it is a “primitive survival, shockingly similar to ` ë € o me 
ancient tortoise ... millions of years before the advent of man 
(Gesell, 1954). The same human hand grips a shovel me = à. a 
Dick or a pen. Its manipulative range. its Hexibility, and its finger dex- 
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terity are all outstanding. Man’s muscles may be inferior to the ape’s 
but the size and position of the thumb on his hand give him a clear 
advantage in making a precise thumb-forefinger opposition as re- 
quired in picking up small objects (Thompson, 1962). These fine, pre- 
cise manipulations are such an integral part of everyday life that we 
forget the painstaking way in which the skills were acquired. 
E. REACH AND GRASP 


Again the primitive reflex — here the g 
three months disappears before the voluntary grasp begins. It is not 
until 12 weeks that the baby's hands are mostly open and 20 weeks 
before he grasps an object voluntarily. Halverson (1931, 1937a, b, c) 
has made detailed studies of how a baby's reaching and grasping skills 
develop. If the baby is in the sitting position he at first makes no con- 
tact with an object such as a cube when his arm and hand move toward 
it. There is a crude palming movement in which the three ulnar fin- 
gers predominate with the thumb almost inactive. White, Castle, and 
Held (1964) refer to this as "swiping behavior." Atabout 20 weeks the 
cube is touched, followed by a primitive closure of the hand on the 
cube. It is around 28 weeks that the cube is grasped in the palm and 
the baby will be a year old before he places the forefinger over the 
cube and grips it between thumb and forefinger, Now the baby is able 
to grasp a small object using the volar pads of the finger tip and the 
distal volar pad of the thumb. But he still approaches the cube with a 
wide open hand until he makes contact. His grasp is “ofan autedoping 
rather than a manipulating nature though he has good thumb opposi- 
tion." 

Through the years of early childhood куйу actions arë 
practiced and improved. Reaching for an object gradually becomes 
more accurate as a sitting or standing posture can be maintained. The 
child begins to make postural adjustments to . 
position to that of an object so that it can now 
from the hand. At 3 years he aligns his fingers 
without necessarily making any other contact with the supp 
face. The finger alignment is typical of antici 
might be expected, he grasps the object more readily and with 
tended fingers (see Crowell, 1967). 


rasp reflex — of the first two or 


these eve 


F. RELEASE 


It is in keeping with the characteristics of development that one of 
the most difficult stages to master is the release of an object, In grasp- 
ing, the extensors are inhibited; in releasing the flexors are inhibited 
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and this latter response is acquired much later in children. During the 
first 6 months infants cannot voluntarily release an object. From 28 to 
40 weeks they begin to do so against a restricting surface and transfer 
Objects from one hand to the other, but they will offer an object and 
not release it. Around 12 months a baby goes through the voluntarily 
dropping stage and achieves a proficiency —too much for most moth- 
ers —at this once difficult operation. But he still has much to learn in 
positioning objects accurately, as in building a tower of bricks, and 
one of his difficulties is through an inability to release the object at the 
right time, 

. Adults trying to perform simil 
limb anesthetized or in conditions of extreme cold show similar clum- 
Siness. Here the adult is denied the usual tactile cues and has to rely 
upon vision to indicate the position of the object in relation to his 
fingers, He performs clumsily under such conditions. It is tempting to 


think that an infant also is too dominated by vision at this stage and is 
upon internal signals to give 


anipulative and re- 


ar precise manipulations with the 


paly slowly acquiring the skill of relying 
11M more immediate information to control his m 
lease responses. 


G. THROWING 
Skills such as block building which depend upon visual-spatial per- 
Ception, motor manipulation, positioning, and release show marked 


improvement from 3 to 5 years and, as we have seen, the whole task is 


made up of many subskills. If we take a more complex coordination 
subskills contribute to the 


Such as throwing we appreciate how many Ч 
action. The thrower not only has to grasp and release an object at a 
Critical time, requiring control over his shoulder, arm, hand, and fin- 
ger movement, but in order to carry out the throwing action he has to 
have command of his static and dynamic balance, involving leg, trunk, 


and head. 

Wild (1938), using film analysis, demonstrates that a child does not 
use his body in throwing until between the ages of 4 and 5 years, 
when he starts to orientate himself in the direction of the throw. She 
Stresses the increasing economy of effort which is a ubiquitous princi- 
ple in the development of children’s skills. NEM 

ment of his visual-spatial 


In addition a child requires accurate assess s 
environment if he is to hit his target, which may be moving. A fully 


developed throwing action is a high level skill and would seem to be 
well outside the range of a young child. Yet by 5 and 6 years a child, 
and here there is a marked sex difference in favor of the boys, has ac- 
quired many of the features of mature throwing. He places his feet and 
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legs correctly; the stance allows him to twist his body and transfer its 
weight as he throws; he uses his shoulder, elbow, wrist, and fingers in 
the action and miraculously is on target. Here we have a highly coor- 
dinated pattern of complex responses that have been put together ina 
strict temporal sequence lasting only fractions of a second. They are 
an excellent example of a time-stressed problem —to which we shall 
return — where a child has to learn to preprogram a series of subskills 


and then integrate the resulting signals which are fed back to him 
from these varied sources. 


H. INTERSENSORY SKILLS 


Phylogenetically man does not show sudden diffe 
organisms in the number of the senses. As 
us, we might have surmised that a more complex nervous system 
would have been served by a greater number of sensory modes. What 
in fact has changed in phylogenesis is a vast increase in the complex- 
ity of intersensory interactions. The nervous system has not devel- 
oped "new senses, but better liaison between old senses" so that 
behavior at the human level is dependent upon multimodal and inter- 
sensory control mechanisms (Birch & Lefford, 1963), 

We are familiar enough with this system but the implications of it 
are sometimes blurred in the adult. For example, we CEPR that he 
can distinguish the necessary visual pattern if ivan the rotos task of 
copying it. Yet we are sometimes mistaken and find out too late: that 
inadequate performance is based upon inadequate visual discrimina- 
tion. The complexity is much more apparent with children where of- 
ten the attainment of a skill may be impossible for them because of 
their inability to put together discrete experiences. We 3. 
this to be so with 2- to 3-year-old children when 
Their motor responses are often uncoordinated but their assessment 
of their visual-spatial surroundings may also be inaccurate. We | ie 
clearer indications of the difficulty in tasks such as drawing figures, 
where the problem of intersensory integration is directly examined. 


rences from lower 
Sherrington (1951) reminds 


may suspect 
trying to throw a ball. 


I. VISUALLY GUIDED MOVEMENTS 


Goodenough (1926) has described how, at the first Stage, when 
children begin to copy two-dimensional shapes their scribbling has all 
the appearances of a primary motor expression totally unrelated to the 
presented visual form. Later during the vag m йен a child begins to 
respond to what he himself has produced, that is, he interpret wh 


2 at 
he has scribbled. The query arises whether he now interprets what he 
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sees he has done, or what he intended to do—but this is every artist's 
problem. Bender (1938) notes that the next stage is the scribbling of 
loops and she feels that at this age of 2 to 2% years the actual pattern 
is not an exact guide to the child but rather a stimulus that evokes an 
almost reflexive (loop) response. f | 

It is at the age of 4 that Goodenough claims a child’s drawings are 
unambiguous responses to a visual form. Even here the reproductions 
are often strikingly inaccurate and we have to decide how far this is 
due to motor deficiencies per se or to an inability to use the visual in- 
formation to control motor responses, if we assume that the visual per- 
Ceptions are accurate in the first place. Experiments have been con- 
ducted to sort out these variables. In their 1967 monograph Birch and 
Lefford have studied the abilities of 5-, 6-, 7-, and 11-year-old children 
to draw simple geometric shapes, such as triangles and diamonds, 
under a variety of conditions. The easiest was where the subjects had 
to trace directly over the shapes and here there was a marked im- 
provement between the ages of 5 and 6 years. Indeed, as shown in 
Fig. 3 there is as much improvement between these two age groups 
from 6 to 11 years. A similar relationship between the age groups was 
found in the results for drawing the shapes over line grids, which was 
à more difficult task than the tracing, and for drawing the shapes free- 
hand. As expected, all age groups found the freehand task dificult but 
again the marked improvement is between the 5 and 6 yonr Mes On 
the other hand it is of note that 50% of the 11 year olds made some 
errors and scored less than 16 out of 20 on the test as is evident in 


Fig. 4. 
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Percent of subjects 


12 13 14 15 16 17 18 19 20 

Score 
Fig. 3. Tracing: cumulative percentages at different ages of subjects who obtain a 
given total tracing score. (From Birch & Lefford, 1967.) 
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Percent of subjects 


6789 юн 12 13 14 15 16 (7 18 1920 
Score 


Fig. 4. Freehand drawing: cumul 
obtain a given total drawing score 
(From Birch & Lefford, 1967.) 


ative percentage at different ages of subjects who 
when drawing is made on a blank answer sheet. 


To what do we attribute the difficulty in this apparently simple 
copying task? And why is there improvement with age? The 5-year- 
old group does not trace the drawings satisfactorily so that at this age 
it would seem as if motor performance itself often contributes to indi- 
vidual variation and errors. Indeed, when the drawings of the 5-year- 
old children were analyzed in detail it was found that their tracing 
errors were mainly in terms of the formation of angles and straightness 
of line, and that all age groups had some difficulty with tracing angles. 
We can say, then, that under these conditions of tracing where the 
visual guidance component is reduced to а minimum the younger 
children of 5 years do not always contro] their motor responses and 


in tracing more complex 


И i ; А Ssed by saying that in the 
tracing experiment the visual signal is as compatible as it is possible to 


make it with the motor responses. Under such conditions performance 
is relatively successful, particularly after 6 years. But the evidence 
makes it clear that children, and especially 5 
difficulty in monitoring manual responses even 
= € tracing condition. It 
is, therefore, not surprising that where the responses involve copying 
from a visual figure placed not immediately underneath the response 
(as in tracing) but slightly away from it, the children find the drawing 
task much more difficult. Now they have both to translate the visual 
pattern in front of them to a different location and carry out the appro- 
" or responses. | 
р DURCH. motor tasks require А ер to integrate the sig- 
nals from an external source against sr wee E bs. tf, as 
may happen with a child, he is unsure how to interpret suc signals 
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arising from his own responses, the task will indeed be complex for 
him. Townsend (1951) emphasizes that the ability of children to copy 
geometric forms correlates more highly with form perception than 
with motor ability. Yet it is well known that children perceive differ- 
ences between shapes before they can copy them satisfactorily, as al- 
lowed in the Stanford-Binet Intelligence Test. 

Connolly (1968) examined this problem by requiring children of 4, 
5, and 6 years to recognize simple line drawings, as shown in Fig. 5. 
Allage groups could do this. It was then demonstrated in a freehand 
drawing experiment that all the children could draw vertical, horizon- 
tal, and oblique lines. Finally the children were given two copying 
tasks. In the one they were asked to draw the line figures; in the other 
they had to make them with matchsticks. The 4-year-old children 
found both the drawing and the construction task very difficult. There 
Was a significant improvement in both at 5 years. There was no further 
improvement at 6 years for the construction task but the drawing was 
better, i 
From observing how the task was carried out it appeared the con- 


struction as opposed to the drawing problem allowed the children 


A} 
d^? 


TIXA 


Fig. 5. Line drawi T ing, and construction. (From Connolly 
9 awings for recogr n, copying, à F € y. 
1968.) о; cognitio I 
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much more opportunity to manipulate the situation. When construct- 
ing many would refer back, visually, to the stimulus card and then 
adjust their own matchstick copy. The visual feedback allowed a di- 
rect comparison between display and response with the opportunity 
for adjustment of the response. It is а straightforward correlation prob- 
lem: Does the proposed orientation of the matchstick agree or not 
with the display? But in the drawing task a child has to decide where 
he wishes to draw a line. He has to infer how it will appear and then 
he has to select the appropriate motor response to draw it. He may be 
wrong at either point and he may feel dissatisfied with what he has 
drawn but there is not the same opportunity for correction as in the 
construction task. Thus there is much more emphasis in the line draw- 
ing task upon translating the visual pattern into an appropriate motor 
response. For the adult, drawing a line in à preselected area is suffi- 
ciently easy for us to expect no errors between a construction and 
drawing task under these conditions, but for a child the visual-spatial 
task alone is difficult and the drawing requirements add to the com- 
plexity. 

In an earlier experiment Birch and Lefford (196 
efficiency with which children aged 5 to 11 years 
geometric forms when using either visual, kinestheti 
modalities. They defined haptic as th 
tained by active manual exploration of a test object." The exploration 
gave rise to tactile, kinesthetic, and surface Movement sensations from 
the fingers and hand. Kinesthetic information was provided by placing 
the subject’s arm behind a screen and with the arm out of sight pas- 
sively moving it through a path describing the geometric form. Fight 
blocks from the Seguin Form Board were used as stimuli: a triangle, 
square, cross, star, hexagon, semicircle, diamond, and circle, Three 
cross-modality interactions were examined for intersensory equiva- 
lence: (1) visual and haptic interaction, (2) visual and kinesthetic in- 
teraction; and (3) haptic and kinesthetic interaction, Throughout the 
experiment paired stimuli were presented for comparison, the first 
member of the pair to one sense modality and the second to the other 
modality. 

It is, perhaps, not surprising that for judgments of both identical and 
nonidentical forms the visual-haptic discriminations were the most 
accurate. It was found that the ability to make these intersensory judg- 
ments definitely improved with age, the improvement following a typ- 
ical logarithmic growth curve. By the eleventh year there was a mini- 
mum of errors under all ee ttn аба, Subjects found the 
diamond and hexagon the two most difficult forms to judge in all con- 


3) compared the 
could recognize 
c, or haptic sense 
€ “complex sensory input ob- 
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ditions and in general made more errors on their intersensory judg- 
ments of identical forms than of nonidentical. 

Such experiments bring out the complexity of intersensory judg- 
ments and how much a child has to acquire in the first few years of 
life. An adult has learned to expect a certain pattern of stimulation for 
а square or circle, whether that be visual or tactile. He has categorized 
shapes in terms of their predominant features — straightness of line, 
Size of angles, equality of length, etc. апа is looking for these charac- 
teristics. His task is more one of matching or recognition when he 
compares the stimulation from one sensory mode with that from an- 
other. But the child may often be trying to make the wrong compari- 
son because he has the wrong hypothesis, or, in the case of a compli- 
cated shape, he may have formed no hypothesis at all and just be 
vaguely trying to distinguish some salient feature. Here, then, with 
Intersensory comparisons, as with so many examples in skills, we see 
that the child has a more difficult task than the practiced adult. 

There is another point that could be worthy of further investigation. 
The intersensory discrimination may be poorer in children because 
the actual discrimination of any one sensory mode is inferior to that of 
an adult. This should be investigated both in terms of their ability to 
make an initial discrimination upon new material and their rate of 
improvement when they have had the opportunity to practice. 

We have not stressed the importance for learning of interaction 
between the sensory-perceptual functions and the motor system. But 
this classic field of study (Stratton, 1897) has recently been much in- 
fluenced by von Holst’s (1954) concept of reafferentation, particularly 
as discussed by Held (1965) and his colleagues (Held & Bossom, 
1961; Held & Hein, 1958; Held & Rekosh, 1963; Held & Schlank, 
1959). The stimulation affecting an organism, such as a kitten, as a re- 
sult of its own movements was shown to be necessary for new percep- 
tual learning to be achieved. Held and Hein (1963) have also demon- 
strated the need for kittens to make postural adjustments to changes in 
visual stimulation if they are to develop the ability to make the com- 
plex visual differentiation required in the visual cliff situation of Walk 
and Gibson (1961). The significance of this form of feedback is 
brought home to us when we work with handicapped children, where 
there is no limb to supply the normal tactile-kinesthetic sensations, or 
with cerebral palsied children (Abercrombie, 1964), or in the case of 
blind children who cannot match their motor responses against a vi- 
sual environment. 

By contrast, in normal development we 
process whereby the motor sensory feedba 


are studying a correlational 
ck loop enables us to match 
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responses with visual perception. It would seem that here we have 
one of the basic mechanisms for allowing a child to make visual and 
motor adjustments. His world changes as he literally grows bigger in it 
but the feedback he receives from his responses enables him to make 
perceptual adjustments to these changes in himself. It is of note that in 
many processes such as the matching of he 


ad or eye movements with 
visually perceived objects, or as here in the matching of feedback from 
responses with perception, v 


ve find that a correlational mechanis™ 
enables the child to reach rapid agreement and consistency in his sen- 
sory judgment. Without the consistency he would be lost in his sen- 
sory world; without the cross-correlational techniques there are 
doubts whether he could achieve consistency (Maccoby & Bee, 1965). 


J. SERIAL ORDERING or EVENTS 


So far we have discussed motor responses in terms of everyday cate- 
gories —reaching, grasping, walking, and so on, For the remainder of 
_ this discussion let us consider the skills more in terms of their psycho- 
logical constituents. After Lashley’s (1951) famous paper psycholo- 
gists are not likely to underestimate the significance of the temporal 
ordering of events. But work with children does emphasize the su- 
preme importance of carrying out the right actions at the right time. 50 
often we see a child with the right responses but unable to execute 
them when he should. It is almost as if it is all liene bur he has too 
much to sort out in the allotted time. We begin to ap »reciate the sig- 
nificance of having certain subroutines ерове xd ва that they 
can be run off quickly with the minimum of attention А jain some re- 
sponses are made too late because a child is E заты to carry 
them out. He has not practiced the response and is still at the stage of 
finding out the best way to execute it, We find some interesting inter- 
actions between speed and accuracy in a number of experiments 
where it appears as if one component is deliberately saerifiaed for 
the other. 


K. SPEED AND ACCURACY 


It is one of the features of adult skills that the two Gomqunents of 
speed and accuracy are gui rq qd qualities of performance. The 
accomplished craftsman works wit h precision but amazingly fast. 
Many experiments have shown a ша between these variables 
aud Pitis (1954) DIDOREH а Simple Way of teasing ihe införmatigr 
processing rate in a motor теоре а ae 1e two constraints of 
time taken and accuracy of response. Several other workers have ex- 
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T its consistency in unpracticed tasks (Annett, Goldby, & Kay, 
958) and with practiced subjects (Kay, 1962). 

Connolly, Brown, and Bassett (1968), using a similar type of task, 
asked children, aged 6, 8, and 10 years, to dot with a pencil between 
two circles, each with a radius of 1 inch with centers 5 inches apart. 
Children were told to put their dots as near to the middle as possible 
ànd to do so as quickly as they could. Table I gives the main findings: 
When analyzed the results show that older children are quicker, that 
girls are faster than boys, and that there is a practice effect which is 
More pronounced with the older children. There is no difference be- 
tween the age groups for accuracy nor does accuracy increase with 
Practice within the limit of this experiment. Two points should be 
stressed. The 6-year-old children had achieved a level of muscular 
control enabling them to perform their motor response efficiently. 
Second, “the fact that accuracy decreases with practice, while speed 
Increases, indicates that the two components are compensatory, and 
this suggests that the older children may have sacrificed some poten- 
tial extra accuracy in favor of the extra speed which they actually 
achieved. It is not therefore possible to conclude that 10 year old chil- 
dren could not have been more accurate than the 6 year olds.” 

The authors go on to stress the qualitative difference between how 
the older subjects performed the task as a smooth and unitary whole 
compared with the apparently discrete components with two marked 
end points of the younger children. There isa need for detailed analy- 
Sis of how children do put together the components of a task. In an 
assembly operation similar to the Fitts (1954) and Annett et al. (1958) 
Studies Connolly (1968) has found marked improvement with practice 
in the movement empty component, in contrast to the findings of pre- 
vious experiments with adults. And, as might be expected, after prac- 
tice the grasp component also improves with children. The position is 
that we have sufficient evidence from normative studies of child de- 


able I f 
БАМ ACCURACY SCORE PER SUBJECT 


GROUP" 


Mean No. 


Age Male Female Both Male 

6 11.40 13.41 12.40 28 

8 15.73 17.53 16.63 2.78 
10 20.21 23.04 21.63 


21 15.73 17.99 16.88 2.8 2.86 


“Accuracy scale 0-4: 0 = off target; 4 = on target. 
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velopment to accept the improvement which takes place with age- We 
now need to carry out more studies which examine the details of per- 
formance so that we can find out whe 


: ‚ nlacé an 
re improvement takes place an 
understand the underlying 


mechanisms controlling such progress. 
L. A TIME-STRESSED SKILL: CATCHING 

One of man's happiest skills is his 
ments in time to catch an object. It is, of course, a time-stressed skill. 
The ball, let us say, is only in the air fora limited time, it may be going 
to fall a long way from the catcher, and it may be traveling very 
quickly. Yet with mathematic nicety the skilled player arrives at the 
right spotat the right time and takes the catch. 

A young child does no such thing. Roll the ball a little away from a 1 
year old and no movement is made to stop it. The writer made a film 
analysis of children aged 2,5, and 15 years old catching a ball. For the 
youngest children a 4-inch diameter ball was thrown gently from 2 
distance of 3 feet. The hands were held together with palms upwarc 
When the ball fell into them there was no immediate closing of the 
fingers to retain the ball. The two hands would move together, very 
slowly, and cuddle the ball against the body, with little coordination 
of fingers. Often the ball just rolled off the hands The eyes did not fol- 
low the flight of the ball but tended to watch the lands or the throwe! 
If the ball was thrown slightly away from the hands on response was 


made to it, and the ball had fallen to the floor before the child was 
aware of it. 


There was marked improvement 


+1: ; ie ve- 
ability to coordinate his mo 


: in the 5 year old. The fingers were 
more flexible and were cupped to try to retain the ball. The child now 


moved the hands to meet the ball When it was going to fall short an 
though there was little anticipation there was à quick appreciation 0 
what had happened. The child 5 eyes now began to observe the whole 
scene and watched the ball in flight, though a lot of attention assu. 
given to the hands. By contrast the 15 year old watched the throwing 
action and the flight of the ball and ignored his own hands which were 
moving to anticipate the point of contact. The fingers were out- 
stretched and closed quickly on the ball once it fell into the palm. 

The striking feature lay in the contrast between the performances. It 
was difficult to imagine the beginnings of the highly coordinated, an- 
ticipatory, high speed but smooth action of the 15 year old in the per- 
formance of the 2 year old. But appearances are deceptive, and it was 
quite clear that at the intermediate age the foundations of the adult 
performance were being laid. It was also apparent that the nature of 
the task was changing and that the whole task was a much more uni- 


fied skill. 
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III. Summary and Future Work 


f the significance of human skills lies 


not i : 

ing At uniqueness but their ubiquity. The preeminently interest- 
mastered ү those which we all learn to perform, not those that are 
We are all ‘edie d a few. And one phase that is most revealing is where 

In fins rsen ning to perform them, namely, early childhood. 
of the eti xe we have not attempted to give an exhaustive account 
зава in this field. Rather, we have selected certain manifestly 
Мал А | characteristics of motor development that hold over many 
Cated that hildhood and underlie adult skills. This outline has indi- 
oth wi at considerable advances have been made in understanding 
з d and how we acquire the beginnings of motor control. We 
"—— sided well-known arguments such as the contribution of mat- 
ho and learning to the process, the ficance of handedness 
de 1962), and have deliberately ed speculative and 

Ptive theorizing. 

d it would seem that for the 


* TC à Р 
imm ?m the evidence we have considere 
ediate future the following lines would be worth pursuing. 


Contrary to popular belie 


signi 
eschew 


A. E 
DETAILED ANALYSIS OF PERFORMANCE 
improvement with age and practice 
vsis revealing such features as how 
the role of the limbs progressively 


она апа how anticipatory responses аге established which are 
ee The earlier photographic records were important sign- 
nm ut we now require a stricter measure of the time sequence of 
e constituent parts to evaluate their contribution to the total skill. 
is will be particularly relevant in establishing the role of vision as 


AGH SHR ps н 
ainst tactile-kinesthetic cues in many $ 


NAM | 
аге Mes time measures showing 
the skil ul but it is the detailed anal 

ill is being conducted, how 


kills. 


B. PRACTICE: THE Use OF INTERNAL SIGNALS 
bes of skills have shown that the signals used by an operator in 
sa Pier stages of practice may be ignored in the later, and, vice ver- 
im 5 at those he either ignores or is unaware of at first may become all 
b inen in the practiced performance: This is always a challenge to 
sk raining schedule — how to teach the new operator to use the sig- 
г particularly the internal signals, which will become impor- 
wo s final stages of performance. with children, there is the 
ШОО js culty that the very nature of their naive performance pre- 
коз em from receiving such signals; for example, head or arm 
ents might be so random that internal signals cannot give a 
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: : i saan 
consistent pattern of information. It would be very much to the adv on 
tage of the subject if we could reduce the random variation in the a 
stages of practice and thereby make it possible to attend to the app 


аА | & 
priate internal source of signals at the earliest opportunity (Annett 
Kay, 1957). 


C. PRACTICE: LONG-TERM EFFECTS 


Many studies have revealed how simple information processing 
skills continue to improve “even over millions of cycles of practice 
(Fitts, 1964; Crossman, 1959). Most of the data agree with Snoddy $ 
(1926) finding that logarithmic increments in the number of trials d 
sult in logarithmic Sains in speed. These findings raise importan 
questions about the nature of such improvement. Are the signals 
coded differently after so much practice? How is increased musculat 
ese specific actions? What is the relationship © 
the compatibility between display-response and practice? Can prac 
tice compensate for incompatibilities? 
ances, on the other hand, have rarely been 
€ know very little about their rate of pro£ 
s, but because their subskills are fewer anc 


Supposed that both their initial and longe! 
term rates of progress will differ from those of an adult. 


D. COMPLEXITY oF TASKS 


Experiments with children offer a unique opportunity for examin- 
ing how we acquire the skills to cope with increasingly complex situa- 
tions: We need to study how a subject makes а number of rapid trans- 
lations in order to code information from а display to a motor output: 
Fitts and Switzer (Fitts, 1964), for example, studied the response time 
to pictures in terms of the number of mediating Processes that the sub- 
jects had to make, such as stimulus > familiar object name — vocaliza- 
tion. He emphasizes the close link between verbal learning and per- 
ceptual motor learning and the fact that skill learn; 5 
far beyond the point of verbal learning studies, 
to examine the complexity of children’s skills in a similar way and to 
continue until performance was fully practiced, 


E. INTERSENSORY FACILITATION 


in this area has opened y this prob] l 
The excellent work in ор р problem. The 
hole issue of how a child builds up his idea of the body schema and 
fone this accords with his spatial environment is fundamental, A child 
h s 


л 
Б 
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has tor fumus АА 
monitor his motor responses more than an adult; he often needs 


vision 9 " a 
to inform him where his hand is, to tell him whether he is hold- 
He gradually learns not to require 


in Y Y > 
ба cup horizontal, and so on. 
his limbs are in relation to his 


thes х 
ент а cues, and knows where | i 
details A ени But we are now beginning to appreciate some of the 
TOM res es complex process. The senses interact and the feedback 
ете, ш correlates with our perceptions of the external envi- 
been _ ei match the internal and external worlds. The child has to 
cause it D EUN is more complex than that of the adult be- 
иа s less familiar, less stable (for the younger child), and less 
the first, Just as the changes for a child are particularly apparent in 
tio, I re of life where he has to adapt to a changing leg-body ra- 
that is | eight-strength ratio, so too he has to adapt to an environment 
A aia hee increasingly demanding in its temporal-spatial ratio. 
lits les iterally changes shape and grows bigger in a world where he 
ment ss time to cover more ground, as he moves into an adult environ- 
3 eras an intriguing problem. It might 
tion, H orld where he is at first a passive recip 
: He becomes a quick moving, coordinated, 


ha 5 

5 lei ? A 
en learned to stand asymmetrically to meet the conting 
vironment. But, as we have noted, the early picture is misleading. 


a beginnings of adult skills are discernible in the child and when 
€ observe closely they add considerably to our understanding of 


hum: 
Man motor performance. 


appear that man is born 
ient of sensory informa- 
anticipatory body who 
encies in his 
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CHAPTER 3 


Sustained Performance’ 


EARL A. ALLUISI 


University of Louisville 


I. Introduction 


ance we mean the more-or-less continu- 


By “sustained” perform errs 
ks or jobs, during four or more 


9us performance of tasks, sets of tas r 
ours a day over several weeks, months, or even years. The perform- 
ances of interest belong principally to the domain of work behavior. 
They differ from the test behaviors covered in most of the other chap- 


ters of this book. 


OF WORK BEHAVIOR 
How do test and work behaviors differ? They differ in many ways 
that stem basically from differences in the tasks presented to the sub- 
Jects, operators, or workers in the two situations. The tasks presented 
и і and unitary (cf. those de- 


in typical test situations be simple 
цек Е sts ations tend to be simi 
scribed in other chapters here or in Woodworth & Schlosberg, 1954), 


relative to the complex multidimensi ks that comprise job or 


A. CHARACTERISTICS 


onal tas 


|, Based in part on materials previously published in Acta Psychologica (Alluisi & 
Chiles, 1967) and in Human. Factors (Alluisi, 1967), and on the presidential address 
made by the author at the eth annual meeting of the Southern Society for Philoso- 
phy and Psychology, Louisville Kentucky. 11-13 April, 1968. Although the author ac- 
cepts full responsibility for the presentation of the material in this chapter, he wishes to 
acknowledge his substantial debt io his colleagues and co-workers, especially to Drs. O. 
S: аат, W. Dean Chiles, Glynn D. Coates, Ben B. Morgan, Jr.. and John B. Thur- 
ond. 3 k 
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work situations (cf. Bills, 1943; Ry 
single channels of sensory input 
cally demands the time-sh 
sponse elements. Speed or 
the measurement and e 


an, 1947). They tend to cre 
and motor output, whereas work pu 
aring of many different stimulus anc La 
accuracy scores are usually employec Ле 
valuation of test performance, but no а s 
solution has been found for the problems involved in the neue 
criteria for the assessment of complex and sustained performance 
Chiles, 1967; Dunnette, 1963). 
Relative to the postacquisition, 


s of 
trained operators or experience 


highly skilled prformenoBs "s 
d workers, the behavior kigari 
many test situations is essentially unskilled. It is true that even T 
highly skilled may continue to show improvements with sustain’ 
performances of complex tasks, but the levels of skill involved are pim 
several orders of magnitude different from those required to pmo 
simpler tests. Motor skills in particular have been shown to contin 


to improve over years of practice (Hovland, 1951; Woodworth 
Schlosberg, 1954); tying is a good example. 


; piano pla cin 

The motivation of the Subject or operato; is likely to be pe in 
test and work situations, Although he may appear to work steadi at 
the test situation, the Subject's performance is not likely to i e 
the kind of maximum effort that is made only at the expense of so E 
physiological cost, In the work Situation, on the other hand, the unnm 
tor may pause frequently during typical performance sessions, pu ii 
will exert a maximum of effort when an emergency condition makes a- 
necessary. Perhaps because of these differences test and work pem 
tions appear to be differentially Sensitive to temporal influences an 
stressful conditions; more will be said on this point later. 

B. INTERESTS IN SUSTAIN 

The closely rel 
havior have bee 
chologists (e.g., Fleishman, 1967a; Gilmer 19 
experimental psychologists (Gg. Seashor 
Schlosberg, 1954, pp. 798-813). This h for quite some 
time (cf. Ghiselli & Brown, 1955; Maier, 1955; Robinson, 1934; Tiffin 
& McCormick, 1958; Viteles, 1932). Of course, these topics have been 
of concern to others, for example, to industria] engineers especially in 
the context of time-and-motion studies (Barnes, 1958; Gilbreth, 1919), 
as well as to those interested in the effects of fatigue (Bartley & Chute, 
1947; Crowden, 1932; Floyd & Mrd 1953; McFarland, 1953, рр. 
326-368; NRC Committee on hai 2 тач; 1941), sleep 
(Kleitman, 1939, 1949, 1963), and work-rest cyc ing (Ray, Martin, & 
Alluisi, 1961). 
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ferent Di la > change; recently more than a dozen dif- 
ment of ils und were represented ata Sagan on the assess- 
ае hui pois performance (Chiles, 1967). Although there had 
with Mir са d signs of experimental psychology s increased concern 
Kidd, Sh gag as early as 10 to 15 years ago (e.g. Fitts, Schipper, 
Dib gees Y, & Kraft, 1958), it took the expansion of our aerospace 
(Grethe Ros of psychology's roles and responsibilities therein 
Жула " 962) to accelerate the change. Interest has grown particu- 
comple : ne measurement and evaluation (or assessment) of sustained, 

x performance, especially in the operation of modern man- 


machine systems. 


TI T А 
Ne situation has begun tc 


SUSTAINED PERFORMANCE 
most important and difficult 


ant in its own right, as 
s of his 


T OF 


C. THE Assess 
is one of the 
tis import 
on to justify the rating 


“р 
Ms отон assessment” ] 
any sy ii avioral experimentation. I 
шор who has been called up dius eiu; dni 
text 5 can attest. It is important also because it үе стих of the cri- 
1 on problem" for so much other work (cf. Fleishman, 1967a, pp. 
der The final validation of selection and training techniques 
ends upon the assessment of the performances of men who have 
een differently selected and trained. The final validation of an im- 
Droved, human engineered man-machine svstem depends upon it. 
he evaluation of the effects of various stres es, the measurement of 


PI ыза ; 
Performance decrements, the establishment of limits and optimum 
many other tasks depend upon 


ү НН опа апа procedures — these, and y ap ý 
Measurement and evaluation, OY assessment, of sustained per- 
ormance, 

As indicated earlier, the assessment of man's work behavior has 
challenged physiologists engineers, and psychologists for many 
years. The task has been recognized as a difficult one; the problems 
Uncovered have been formidable, and the solutions have been 
ephemeral. The typical researcher has responded by concentrating in 
Subareas related to the specific skills of his discipline. For example, a 
physiologist might translate the problems of performance assessment 

or recovery of 


i А М 
n problems of measuring the output, impairment, 
Muscles. An industrial engineer might concentrate on time-and- 


moti ivi ^ i 
notion study or on the measurement of productivity. Psychologists 
in different ways, depending 


iive genevglis concentrated their efforts Кы н ре 
р! heir specific subspecialties: industrial and personnel psycholo- 
Eists on selection and training engineering psychologists on the de- 
ТЫ of equipment, and experimental psychologists on one or more of 
€ traditional areas of learning perception, psychomotor perform- 
ance, etc. Ў 
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а. дыра ; assess sus- 
The basic difficulty is that we do not now know how to assess s 
md 
tained performances of complex meaningful tasks—to measure а 
evaluate work behavior. Thus, we h 


Р е . Ec › do 
which to design our research, and because of this we are forced tc 


iteri А sustaine 
research on the criterion—to do research to discover how sustal 
performance can be assessed. 


Seu refe) about 
ave no criterion measure(s) ab 


II. Three Approaches to Performance Assessment Research 
Three techniques have been used in the direct research at- 
tempts to solve the problems of performance assessment. They have 
been discussed in detail elsewhere (Chiles, 1967) and will only fe 
touched upon here. They represent a dimension of possible approac? 
es, with the techniques of full-scale mission simulation at one end (c : 
Grodsky, 1967), the methods of factor-analytically identified specific 


laboratory tests at the other end (cf. Fleishman, 1967b; Parker, 1967), 
and a synthetic-work 


e 
approach placed intermediately between » 
two (Alluisi, 1967). 


A. FULL-SCALE SIMULATION 


Full-scale, integrated, 
Roberts, & Woodward, 1966) represen 
possible in the simulation of "rea]" 
pointed out, it calls for performa 
pressed or extended time, with 
ronment, facilities, equipment, 


mission simulation (e.g., Grodsky, Mandour, 


ts the highest degree of fidelity 
work. As Grodsky (1967) has 
nce in real time, rather than in Ron 
the experimental or simulative env! 


man-machine system dynamics, anc 
task sequence matching the real world of events as closely as possible. 
Actual workers (operators, pilots, or astronauts) are usually employe 
so that the performance of the simulated mission is made with opera- 
tional realism, and at high levels of skill. 


There are, of course, other kinds 
1964, Chapter 18), and both part- and whole-task simulation tech- 
niques have been used in training and training research (J. А. Adams, 
1961; Fleishman, 1967a, pp. 216-227), in performance appraisa 
(Fleishman, 1967a, pp. 96-114), and in human engineering and sys- 
tems research (Fitts et al., 1958). The principal advantages of full- 
scale mission simulation are that it provides a maximum of face valid- 
itv and involves the subject in situations that resemble closely the 
operational — s which generalization is desired. Both of 

e are d ant advantages. 
ae have face validity because there will be little op- 


of simulation (cf. McCormick, 
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alidity until the criterion prob- 


por ity : РЕ, 
tunity to establish а final empirical v 
the test and operational situa- 


em із solved, It is important to have operati a 
Белү semble one another, because then the subject s or operator s 
a ior may tend to be the same 1n the two. This is particularly im- 
ant and will remain so until we are better able to assess the effects 
à Some of the less well controlled operator variables such as his moti- 
Vation, his personal weighting of the various aspects of his job, his 
Sense of personal commitment to the work, etc. 
T are, unfortunately, two important disadvan” to га тек 
Шы: simulation techniques - and these cipi ae a me Ше 
Келн economic feasibility that arise from t " re ative y Xe 2 cos а 
s ation studies. First, there is the difficulty of assessing the opera- 
». ѕ performance in the simulated system. If we could assess this, 
then we should be able to measure and evaluate it in the operational 
Situation; if we cannot assess it in the ope here is little 
ikelihood that we could do so in the simulated system. 
| Second, there is the difficulty of generalization from the simulated 
System. The more faithful the simulation, the greater the generaliza- 
tion of results to the specific operational system or work situation that 
as been simulated, but the less the generalization to other systems. 
hat is to say, to the extent that the results of the simulation include 
ariances based on specific factors, generalizations can be made to 
Operational systems which also include these specifics, but not to 
Other systems. : 
а 98818 т sion simulations ur 
` s performance in a given system, but rather 
Ormance of the entire man-machine system. System-performance 
Measures are typically employed, and especially when obtained from 
Complete systems “exercises,” such data are invaluable to the de- 
Signer and systems manager in the testing, evaluation, and modifica- 
tion of specific systems (e.g. See McCormick, 1964). System-per- 
ormance measures are of limited usefulness in the assessment of 
Sustained operator performance, however, because we would need to 
now just how the man and the machines inte 


ract in the man-machine 

System before we could interpret the significance of meaning of such 
meas pens А : 
easures vis-a-vis the performance of the 


subject or worker. Such 

man-machine interactions, at best, are only infrequently known and 
Specifi: 5, ps 
pecifiable (cf. Morgan, Cook, Chapan'*: 


rational system, t 


M 


often, not to assess 


are used more 
to assess the per- 


& Lund, 1963, pp. 1-50). 


B. SPECIFIC-TEST TECHNIQUES 

vale simulation techniques can be over- 
at consist of a number of appropri- 
] tasks. First, the subject's per- 


к disadvantages of full-s 
Wes by the use of test batteries th 
Y selected or designed individua 


P 
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formance on each individual task can be assessed rather exactly. 
Second, these performances should be generalizable to other situ- 
ations in which the tasks are used. Complete generality of performance 
on the test battery will depend only on (1) the availability of a taxon- 
omy of the tasks that go to make up complex performances in opera- 
tional systems, (2) a task analysis of specific systems in terms of this 
taxonomy, and (3) appropriate weightings of the representative tasks 
in the test battery in accordance with their relations with the taxon- 
omy and task analysis. The need for research to develop a task taxon- 
omy has been recognized (cf. Fleishman, 1967b, pp. 361-364). 

The disadvantages of specific-test techniques, like those of full- 
scale simulations, are great. First, they have little or no face validity; 
we can compute no empirical validity coefficients. This means that we 
have little or no evidence at all of their validity as performance- 
assessment instruments. 

Second, the resemblance of the test situation to the operational is 
likely to be minimal, and this leads to some serious questions con- 
cerning the behavior observed. That is to say, if the operator or worker 
approaches the test and operational situations differently, it is only 
reasonable to expect that his behavior might be influenced. If he is 
more highly motivated in the one than in the other, the results ob- 
tained in the test situation may not generalize to the operational; if he 
takes one situation seriously, but responds to the other as to a parlor 
game, the generalization of results would be sorely limited! . 

The better specific-test techniques are factor-analytically based, in 
the sense that they call for the use of tests that have been identified as 
related to the pertinent features or factors involved in the complex 
task (e.g., Fleishman, 1967b; Parker, 1967). Their use, however, as 
sequentially performed individual tests misses one of the principal 
features of sustained performance; namely, the time-sharing require- 


ments that characterize the multiple responsibilities and complex 
behavior called “work.” 


C. SYNTHETIC WORK 


In an attempt to minimize the disadvantages of the other two tech- 
niques, a synthetic-work approach has been developed. It is based on 
the measurement of multiple-task performance in a synthetic work 
situation, rather than a simulated one like that employed by Fitts and 
his colleagues (Fitts et al., 1958). It is designed for use under con- 
trolled laboratory conditions, but it could also be used in controlled 
*field" experimentation. Its principal advantage is that it has none of 
the disadvantages of the other two techniques —or, at least, none to 
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the same degree. Its principal disadvantage is shared by both of the 
other techniques; namely, there is little information regarding its 
empirical validity, and only a low likelihood of obtaining such infor- 
mation before the criterion problem has been solved. 

The essential feature of this approach is the use of time-shared tests 
that are combined into a multiple-task performance (MTP) battery. 
The tests or tasks should be generalizable to a wide variety of systems, 
although it is recognized that their final generality may be dependent 
on the same sorts of taxonomy, task analysis, and weightings discussed 
previously. The tasks, as combined into the MTP battery, should have 
high face validity both in terms of content and user acceptance. 


The content validity is required to assure the proper generality. The 


user acceptance is required because without it the operator’s view of 
of the operational, and 


the test situation will be different from his view 
his behavior will differ in the two. Only one will be in the domain of 
work behavior; the other will be in a different behavioral domain. 


III. Synthetic Work and Multiple-Task Performance 


In modem psychological terms, the kinds of functions required 
of man in sustained-performance or work situations include (1) the 
discrimination and identification of sensory inputs, (2) the receiving, 
nd retrieval of information, and (3) the exercise 
from discrete binary key-presses to con- 
actions (tracking). 

s that must be measured by any 
f content validity. They rep- 


processing, storage, a 
of control actions that range 
tinuous-control guiding or steering 

These, then, constitute function 


MTP battery that claims some measure о | 
resent the areas of sustained performances required of workers, or of 
Subjects in work or synthetic-work situations. They are stated in terms 
Mostly of intellectual activities, but it is man’s intellectual ability that 

role as an operator or worker ina 


is usually first thought of when his 
man-machine system is described or defined (cf. Morgan et al., 1963) 
—e.g., his ability to perceive and evaluate the cogent conditions of the 


Situation in which he finds himself, to identify problems where they 
exist, to make decisions concerning the necessary actions to be taken 
(and even to improvise solutions to problems, where necessary), to 
effect the actions, and to monitor their accomplishment. Most of the 
functions involved in the “routine” operations of the system are auto- 
mated in опе way or another; €.£- by use of automatic equipment such 
as an automatic choke ona truck, an autopilot in an aircraft, or an auto- 
Matic control system in an aerospace vehicle. Even in these cases, 
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however, man is expected to back-up the system by monitoring the 
subsystem operations, and to assume full control where and when 
necessary. 

The performance functions will be categorized, for convenience, 
into seven major areas as follows: (1) watchkeeping, vigilance, and 
attentive functions, including the monitoring of both static (discrete) 
and dynamic (continuous) processes; (2) sensory-perceptual func- 
tions, including the discrimination and identification of signals; (3) 
memory functions, both short- and long-term; (4) communication 
functions, including the reception and transmission of information; (5) 
intellectual functions, including information processing, decision 
making, problem solving, and nonverbal mediation; (6) perceptual- 
motor functions, especially to the extent that special skills such as 
aiming, tracking, swimming, driving, typing, and similar motor skills 
are necessary to the operation of the system; and finally (7) procedural 
functions that include such things as interpersonal coordination, coop- 
eration, and organization. 

These seven areas are represented either directly or indirectly in 
each of several similar MTP batteries that have been used.? One of 


these batteries will be described in detail to show how its tasks mea- 
sure these functions. 


A. A MULTIPLE-TASK PERFORMANCE BATTERY 


The front view of an operator panel used in one MTP battery is 
shown in Fig. 1. We shall use the term “performance battery" when 
speaking of this specific one, and reserve the term “MTP battery" to 
represent the general class of such multiple-task performance instru- 
ments. Behavioral measures are obtained from the subject's per- 
formance of the six tasks presented with the panel and a pair of ear- 
phones. The tasks are generally displayed at each of five identical 
work stations — one for each member of a 5-man crew. 


"The development of the initial multiple- 


task performance battery, and most of the 
early research conducted with it and its m 


odifications (see Section IV, A), was com- 
pleted in the Human Factors Research Laboratory of the Lockheed-Georgia Company 
with the support of the U.S. Air Force under Contract Nos. 33(616)-3745, -6050, -7607, 
and 33(657)-10506. Most of the later research (see Section IV, B) has been conducted by 
the Performance Research Laboratory of the University of Louisville with the support 
of the U.S. Army Medical Research and Development Command, Department of the 
Army, under Contract No. DA-49-193-MD-2567, and the National Aeronautics and 
Space Administration under Research Grant No. NGR-18-002-008. 


Fig. 1 (opposite.). Operator's panel from a multiple-task performance (MTP) battery: 
The tasks are described in the text. (Adapted from Alluisi et al., 1963.) 
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Three watchkeeping tasks are used to measure the subject’s per- 
formance of watchkeeping, vigilance, and attentive functions (audi- 
tory vigilance, warning-lights and probability monitoring). Three 
active tasks are used to measure the operators performance of 
memory functions (arithmetic computations), sensory-perceptual func- 
tions (target identifications), and procedural functions (code-lock 
solving). 

Communication functions are not measured directly, although they 
are involved to some extent in the performance of all three active 
tasks. A task designed to measure directly certain nonverbal-media- 
tional aspects of intellectual functioning is under development (see 
Alluisi & Coates, 1967), and some versions of the MTP battery have 
employed tracking tasks to measure perceptual-motor functions (e.g., 
Adams, Levine, & Chiles, 1959; Chambers, Johnson, van Velzer, & 
White, 1966). 

As will be indicated in the descriptions that follow, each of the tasks 
has been used and is fully described elsewhere. All of the tasks show 
very high reliabilities (Alluisi, Hall, & Chiles, 1962; Passey, Alluisi, & 
Chiles, 1964; Alluisi, 1967), and have done so since their earliest use 
(Adams et al., 1959). They are nearly identical to the tasks employed 
in other MTP batteries (cf. Adams & Chiles, 1960, 1961; Alluisi, 


Chiles, & Hall, 1964a; Alluisi, Thurmond, & Coates, 1967; Chambers 
et al., 1966). 


1. Arithmetic Computations 

Three 3-digit numbers are displayed along the lower central portion 
of the panel (see Fig. 1) by means of nine 1-digit numerical indicators. 
The operator is required to subtract the third 3-digit number from the 
sum of the first two. He is not allowed to use paper and pencil or any 
other aid. He indicates his answer by a lever switch and three concen- 
tric rotary decade switches located immediately to the right of the 
numerical indicators. If his answer is correct, a blue indicator light 
located immediately above the lever switch will be lit for a half-sec- 
ond interval as the problem is removed and just prior to the presenta- 
tion of a new problem. An amber indicator light, located immediately 
below the center of the numerical indicators, is lit 30 sec prior to the 
presentation of the first problem and remains lit throughout the pre- 
sentations of arithmetic-computation problems. Problems are usually 
presented at a rate of 3 per min during a 30-min interval of a 2-hr work 
period. 

The arithmetic-computations task (Adams & Chiles, 1960, 1961; 
Adams et al., 1959; Alluisi, Chiles, Hall, & Hawkes, 1963; Alluisi et 
al., 1964a, 1967; Passey et al., 1964) measures both short- and long- 
term memory functions. Of course, it also involves information han- 


3. Sustained Performance 69 


dling, and to a certain extent, intellectual functions. Thus, it is not a 
pure measure of memory functioning, but rather it is heavily involved 
with memory in a manner quite similar to real work. It is also an excel- 
lent user of channel capacity and permits realistic loadings of the op- 
erator. 

2. Auditory Vigilance 

The auditory-vigilance task (Adams & Chiles, 1960, 1961; Adams et 
al., 1959; Alluisi et al., 1963, 1964a; Passey et al., 1964) is presented 
through one side of a headset worn by the subject. The sensory input 
is provided by a 1175-Hz tone that recurs once every 1.20 sec under 
normal conditions. The beeping tone has a normal on-period of 0.25 
sec and an off-period of 0.95 sec. The critical signal to be detected by 
the subject is a lengthening of a single off-period by about 50%, i. e., 
to 1.40 sec. When the subject detects the occurrence of a critical sig- 
is to report it by depressing a push button on the extreme right 
within 30 sec of the occurrence. He is not 
the correctness of his re- 
ding missed signals. 


nal he 
side of the panel (see Fig. 1) 
provided knowledge of results concerning 
sponse on this task, nor is he informed regar 


3. Code-Lock Solving 

As presently constituted, the code-lock task (Alluisi et al., 1962, 
1963, 1964a, 1967; Passey et al., 1964) is a group-performance task that 
primarily involves procedural functions. The task requires a crew of 5 
men to discover the proper sequential order for depressing their push 
buttons—one for each crew member. Three jewel indicator lights 
(red, amber, and green) and two push buttons (one of them a spare) are 
located on each panel in the right-of-center section above the numeri- 


cal indicators (see Fig. 1). . 
Illumination of the red light is the signal that a problem is present 
and unsolved. The amber light is illuminated when any operator de- 
indication as to which operator it 


presses his push button, but with no i 
| re than one who did so. The prob- 


was or whether it was just one or mo 
e five push buttons has been de- 


lem is solved only when each of th 1 
pressed in the correct sequential order for the specific problem. 


Thus, the red light is extinguished when the correct first operator in 
i учее! à ; 

the sequence depresses his push button, and it will remain extin- 
guished until an incorrect response is made. When this occurs, the red 


light is reilluminated, and the programming apparatus is reset auto- 
matically to the beginning of the sequence. In order to recommence 
the search for a solution, then, the correct first subject must depress 
his key first, then the correct second operator must depress his key, 
etc. When all five push buttons have been depressed in the correct 


order, the green light is illuminated as a signal that the problem has 


been solved. 
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Following a between-problem pause of 30 sec, the green light goes 
off, the red light comes on, and the crew is presented with a replica- 
tion of the problem previously solved. This requirement for a second 
solution has been included to increase the sensitivity of the task to 
performance decrements. Following the second solution and a be- 
tween-problem pause of 30 sec, the green light goes off, the red light 
comes on, and the crew is presented with a new sequence or code to 
solve. 

The elements of this code-lock task have been used in the develop- 
ment of a code-transformation (COTRAN) task that appears to provide 
performance measures of nonverbal mediation (Alluisi & Coates, 
1967). The acquisition of the problem-solving skill involved in the 
COTRAN task has been studied, as has also the ways in which this 
task can be combined with other tasks in an MTP battery (Alluisi & 

Morgan, 1968). 


4. Probability Monitoring 


The four meters with semicircular scales located along the upper 
portion of the panel (see Fig. 1) are used in displaying the probability- 
monitoring task (Adams & Chiles, 1960, 1961; Adams et al., 1959; Al- 
luisi et al., 1963, 1964a, 1967; Passey et al., 1964). A pointer on each 
scale is driven by a random program generator. The pointer settings 
are normally distributed with a mean of zero (12 o'clock position on 
the scale) and a known standard deviation. Introduction of a signal or 
bias to the programming device causes the mean of the distribution on 
one of the four scales (different on different panels) to shift by a speci- 
fied amount. This shift in the mean does not affect the variability of 
the pointer positions. 

When the subject detects a shift in the mean, he indicates this by 
moving a horizontally placed lever switch under the meter in question 
—to the left if he has detected a bias to the left, or to the right if he has 
detected a bias in that direction. Whenever the subject moves any of 
the probability-monitoring lever switches, the pointer of the meter in 
question will move to, and stabilize at, the mean of its current distri- 
bution (i.e., either zero, or biased right or left). If a bias is present, 
then release of the switch causes the scale to be reset to the zero-bias 
condition. 


5. Target Identifications 

In the lower left of each operator panel (see Fig. 1) there is a 4-in 
square array of 36 close-butted, square lights. These lights, forming a 
6-by-6 matrix, are used in presentation of “metric histoforms” that are 
employed in the target-identification (or target-ID) task (Alluisi et al., 
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1963, 1964a, 1967; Passey et al., 1964). These are contoured figures 
consisting of lit and unlit elements giving the appearance of solid bar 
graphs (cf. Alluisi, Hawkes, & Hall, 1964b; Fitts, Weinstein, Rappa- 
port, Anderson, & Leonard, 1956). 

A finite set of 240 metric histoforms has been drawn at random from 
the 720 possible 36-element constrained figures; i.e., figures in which 
each of the six possible column heights appears once and only once. 
Each of these 240 figures is programmed to appear with its base at 6 
o'clock, with its columns rising, as was shown in Fig. 1. These figures 
are described to the subjects as representing noisefree “stored target” 
images. Another set of figures, drawn from the same basic set of 720, is 
used to represent “sensed target” images; these are usually per- 
turbed, either with random visual cell noise (Alluisi et al., 1963, 
1964a, b) or random positioning (rotation in 90-deg steps) relative to 
the stored target image (Alluisi et al., 1967). 

The task as presented to the subject is as follows: There will be a 5- 
sec display of the noisefree (or upright) figure or stored target image. 
This will be followed by a 5-sec off-period. Then there will be a 2-sec 
display of a noisy (or randomly positioned) image, "sensed target-A," 
a 9-sec off-period, and а 2-sec display of a second noisy (or randomly 
positioned) image, *sensed target-B." After a response period of 14 
sec, the cycle will be repeated with new stored and sensed images. 

Each subject is required to respond by use of one of three large 
push buttons (on the panel shown in Fig. 1, these are slightly above 
and to the right of the target-ID display). His response indicates 
whether in his judgment the stored target image was the same as the 
first, second, or neither of the sensed target images. One of the three 
amber lights in the row just above the push buttons is lit as soon as the 
subject makes his response and remains lit until the problem is cycled 
ànd a new problem presented. The light serves merely as an aid to 
memory; it indicates to the subject which of the three possible re- 
Sponses it was that he made. Just prior to the presentation of a new 
problem, a blue knowledge-of-results indicator light in the row above 
the amber lights will be lit for a half-second interval to inform the sub- 


ject either of the correct response to the problem (e.g., Alluisi et al., 
1967) or of the “final decision" made by the crew commander on the 
basis of information regarding the responses made by all five crew 


members (e.g., Alluisi et al., 1963, 1964a, b). 


6. Warning-Lights Monitoring 
The third of the three watchkeeping tasks is presented on the panel 
(see Fig. 1) with five pairs of warning lights, each pair consisting of 
One green and one red light (Adams & Chiles, 1960, 1961; Adams et 
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al., 1959; Alluisi et al., 1963, 1964a, 1967; Passey et al., 1964). The 
subject is required to turn any green light on should it go off, and any 
red light off should it come on, by depressing the push button located 
immediately below the light in question. If he fails to respond within 
2 min, the nonnormal condition is corrected automatically, and the 
subject is scored with a missed signal. 


B. CONTENT VALIDITY: FUNCTIONS MEASURED 


Atthe beginning of Section III we listed seven operator functions as 
major areas that should be represented in any MTP battery that was to 
be used to create a synthetic-work situation. Then, in the preceding 
subsection (Section IIL,A) we described one of the MTP batteries that 
has been used, the “performance battery," as we called it. Now we 
shall take another look at both the functions and the tasks in the per- 
formance battery to see how well the tasks represent the functions, at 
least on a logical basis. Only in this way can we judge the extent to 
which the performance battery can claim to have content validity. 


Л, Watchkeeping Functions 


Three tasks are employed in the performance battery to measure the 
operator’s performance of watchkeeping functions: two for the moni- 
toring of static processes (auditory vigilance and warning-lights 
monitoring) and one for the monitoring of a dynamic process 
(probability monitoring). They differ also in terms of the conspicuity 
of the onset of the critical signal. In auditory vigilance, the critical 
signal is a discrete, single occurrence of an extended off-period, or 
pause, in a temporal string of beeping tones. The subject responds 
simply to the occurrence of the signal. Likewise, the onset of a red 
warning light is rather conspicuous, and it is probably the onset to 
which the subject responds rather than to the presence of the signal. 
On the other hand, the onset of the signal in the probability-monitor- 
ing task is completely masked by a kind of visual noise—the random 
fluctuations of the pointers апа the subject is forced to respond to 
the presence of the signal. Thus, although all three are watchkeeping 
tasks, or "passive" tasks as they are sometimes called, they represent 
attempts to measure different aspects of the watchkeeping, vigilance, 
and attentive functions of man. 


2. Memory Functions 


Both long- and short-term memory functions are measured with 
arithmetic computations. Of course, as we have said previously, the 
performance of mental arithmetic computations also involves informa- 
tion handling and, to a certain extent, intellectual functions. We do not 


e 
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believe that arithmetic computations provide a pure measure of mem- 
ory functioning, but rather that they are heavily involved with mem- 
ory in a manner quite similar to real work. Also, they are an excellent 
user of channel capacity and permit realistic loadings of the operator. 


3. Sensory-Perceptual Functions 

Of all the tasks that could be used to measure sensory-perceptual 
functions, the performance battery employs just one — the target-iden- 
tification task. It is not that sensory-perceptual functions are difficult 
to measure, granted a logic for selecting their specific representations 
in a test battery, but rather that such a logic is especially difficult to 
devise for "general" tasks. It is difficult to abstract meaningful repre- 
sentations of these functions because most jobs are now designed so 
as not to tax man unnecessarily in these areas (the same goes for per- 
ceptual-motor functions). Where these functions do appear as prob- 
lems, it is usually because of excessive demands made of the operator 
or worker in ways that are highly specific to the work or job in ques- 
tion. For example, man-machine systems are generally designed so as 
not to press man with regard to his visual acuity. Where visual acuity 
is a problem, it is likely to be so only because of some specific aspect 
of the particular system. It might be a problem in the case of a newly 
designed critical task that has not yet been instrumented with neces- 
sary” optical aids; or, it might be a problem for the astronaut during 
those brief periods in which high g forces are acting on him and his 
vehicle. Thus, because of the specificity of the sensory-perceptual (as 
well as the perceptual-motor) performance problems, it is difficult to 
design general tasks to represent them properly in an MTP battery, 
even though these functions are relatively easy to instrument and 
measure. The target-identification task in the performance battery 
represents at least one general aspect of the sensory-perceptual func- 


tions. 


4. Procedural Functions 

Group performance and procedural functions are measured princi- 
pally with the task of code-lock solving. This task also taps short-term 
memory and, to a lesser extent, intellectual functions. In addition, the 
target-identification task has been used in some studies (Alluisi et al., 
1963, 1964a) as a group-performance task that included. both proce- 
dural functions and decision-making or intellectual functioning of the 


crew commander. І | | | А 
The three tasks just listed —arithmetic computations, target identifi- 


cations. and code-lock solving—are often referred to as active tasks. 
They are to be distinguished from the watchkeeping or passive tasks. 
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They require a more active participation on the part of the subject for 
highly successful performance, and they are somewhat more likely to 
show relatively little impairment with highly motivated subjects un- 
der mildly stressful conditions. 


5. Communication Functions 


The first-order communication functions are not measured directly 
in the performance battery. However, certain aspects of these func- 
tions, such as information-handling performances of the operator, can 
be developed with use of the arithmetic-computations and code-lock 
solving displays, and laboratory research has been started in this area 
(cf. Alluisi & Coates, 1967; Alluisi & Morgan, 1968). 


6. Intellectual Functions 


None of the tasks in the performance battery provides a specific, 
direct measure of intellectual functions. All three active tasks ob- 
viously tap at least some aspects of intellectual functions, but not to 
any significant degrees. Laboratory research is underway to develop a 
modification of the code-lock task which will provide a direct measure 
of the nonverbal-mediational aspect of intellectual functioning 
(Alluisi & Coates, 1967; Alluisi & Morgan, 1968). Both individual- 
and group-performance versions of this new task are being tested, 
with the group version's showing some promise of providing a direct 
measure of communication functions. 


7. Perceptual-Motor Functions 


Perhaps the greatest shortcoming of the performance battery is its 
lack of a perceptual-motor task such as tracking. Some of the diffi- 
culties encountered in trying to develop a meaningful yet reliable 
general test of perceptual-motor functions are similar to the difficul- 
ties encountered with sensory-perceptual functions (see Section 
ПІ,В,3). A tracking task was once tried with the performance battery, 
but it proved to be unreliable (Adams et al., 1959). Of the other MTP 
batteries in use, one does include a tracking task (Chambers et al., 
1966), whereas the other does not (Alluisi et al., 1967) 


IV. Research on Sustained Performance 


An historical presentation will be used to summarize the results 
of the research on sustained performance that has been complete with 
use of various versions of the MTP battery. This research was initially 


bl 
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aimed (1) at the development of a performance-assessment technique 
based on the concept of synthetic work, (2) at the measurement ofthe 
effects of working in a volumetrically restrictive environment, and (3) 
at the determination of optimum work-rest schedules. More recent 
work has continued the emphasis on the development of perfor- 
mance-assessment techniques, and (4) has begun to measure the be- 
havioral effects of infectious diseases. In addition, the data collected 
have contributed to our knowledge of the effects of certain of man's 
diurnal rhythms. 

The program of research began in 1956 with a concern about the 
effects on aircrew performance of confinement in the anticipated volu- 
metrically restrictive work environment of a proposed nuclear aircraft. 
It was estimated that the crew area of the nuclear bomber, with a 5- 
man crew, would provide no more than 23 # per man. In contrast, 64 
ft? per man was provided for the 14-man crew of a Navy blimp (ZPG- 
2W), and 66 ft? per man was provided for the 114-man crew of the nu- 
yet, the blimp and submarine were considered to 
ly restrictive work environments, especially for 
cf. Panel on Psychology and Physiology, 


clear submarine; 
present volumetrical 
long-duration missions ( 
1949). 

A crew-compartment mock-up was desi 
scale of the nuclear aircraft. However, because of classification and 
ans for the nuclear aircraft were shelved about the same 
e space program was increased, the mock-up 
was changed to accommodate the operator panels that were then 
being developed for the performance battery (Adams, 1958). The 
crew-compartment mock-up that was subsequently employed is 
shown in an artist’s conception cut-away view in Fig. 2. The section 
with a round top, containing the 5-station work area and the leisure 
area, was the original scaled section; the square-topped section con- 
taining the 6-bunk sleeping area was a later addition. The total vol- 
ume was approximately 1100 fë, divided about equally between the 


gned and constructed to the 


because pl 
time that support for th 


two sections. 
A. EARLY EXPERIMENTATION: THE WorK-REST PHASE 


The initial plan of study aimed to measure the effects of various 
work-rest schedules on sustained performance. An MTP battery had 


been designed to provide a synthetic-work environment. That is to 
say, the battery required that several different tasks could be com- 
bined to provide for multiple-task performance. Synthetic work re- 
quires the concurrent performance of several tasks at once; the intent 
is to synthesize the several different tasks of an MTP battery into a 
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Fig. 2. Cutaway view of a crew-compartment mock-up employed with the perform- 
ance tests in studies of sustained performance. (Adapted from Alluisi et al., 1962.) 


reasonably realistic work-like situation—a situation that requires an 
operator to be responsible for more than merely a single function and 
that permits a variation in his work load. 

Although there have been some differences among the studies 
completed, especially where different MTP batteries have been used, 
the typical sort of multiple-task performance employed is shown in 
Table I. The work is divided over a 2-hr performance period so that 
the operator or subject is responsible for the watchkeeping tasks all of 
the time, but he is responsible for the active tasks only part of the 
time. Thus, relative demands on performance can be low, interme- 
diate, or high, depending on whether the watchkeeping tasks are pre- 
sented alone, with only one of the active tasks, or with two (or more) of 
them. 

With the completion of an initial version of the performance battery 
and the crew-compartment mock-up (Adams, 1958), data collection 
began (Adams et al., 1959). Much of the research was influenced by 
constraints imposed by the operational or work situation to which 
generality was desired; namely, (1) crews of men rather than individ- 
uals would be needed, (2) the work would have to be performed 24 
hours around the clock on a high-alert basis for 5 days or longer, and 
(3) the work environment would remain volumetrically restrictive. 
With these constraints in mind, the first study was designed to be a 
technical investigation of multiple-task performance. 
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1. A Technical Study 

The questions asked in the first study conducted with the perfor- 
mance battery (Adams et al., 1959) were concerned with such things 
as the rates at which operators became proficient on the tasks, the test- 
retest reliabilities of the measures of performance obtained, the inter- 
actions among the tasks when performed in various multiple-task 
combinations, and the intertest correlations. The panel employed in 
this initial experiment differed from that previously described (and 
shown in Fig. 1) in that it did not include the target-identification nor 
code-lock tasks, which had not yet been designed. Instead, it had a 
pattern-discrimination task, a compensatory-tracking task, and a scale- 
position monitoring task, in addition to arithmetic computations, audi- 
tory vigilance, probability monitoring, and warning-lights monitoring. 

Certain changes were made in the panel’s configuration as a result 
of the data obtained in the study. Five tasks were retained — three of 
the watchkeeping tasks (auditory vigilance, probability and warning- 
lights monitoring), and two of the active tasks (arithmetic computa- 
tions and pattern discriminations). The tasks that were retained had 
demonstrated impressively high reliabilities, and they imposed rela- 
tively minor training requirements. The performance battery ap- 
peared to provide measures of essentially orthogonal functions, and it 
was capable of being programmed in numerous ways to make possible 
the study of a broad range of operator work loads (Adams et al., 1959). 
The presentation of these tasks was integrated into a 2-hr work period 
similar to that which was given earlier in Table I; probability monitor- 
ing was not presented during the first and last 15-min intervals of the 
2-hr period, arithmetic computations continued for an additional 15 
min, code-lock solving did not occur at all, and pattern discriminations 
(instead of target identifications) began 15 min earlier than indicated 
for target identifications and continued for 45 min. The important 
thing to note is that time-shared performances were still required dur- 


ing each 2-hr performance period. 


Table I 
иы рей — 
TypICAL 2-HOUR PROGRAM FOR MULTIPLE-TASK PERFORMANCE 


i 
Minutes 


000 015 030 045 060 075 090 105 120 


Task 
Auditory vigilance 
Probability monitoring 
Warning lights 
Arithmetic computations 
Code-lock solving 
Target identification 
“Each x represents 3 min; so 15 min is represented by xx: 


XXXX. XXXXXXNXXXXX. 
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2. Four-Day (96-Hour) Studies 


The plan of research about to be started was conceived of as follows: 
There was to be a number of 4-day or 96-hr studies in which investiga- 
tions would be made: first of the effects of the lengths of the duty and 
rest periods with their ratio held constant, then of the effects of the ra- 
tio of duty to rest with the use of a single rest-period duration, namely, 
the briefest one acceptable to the subjects. Subsequently, the most 
efficient work-rest schedule was to be selected and tested over a 15- 
day period of performance. 

In accordance with this plan, a second experiment was designed. It 
sought to measure the effects of the durations of the work and rest pe- 
riods over a 4-day (96-hr) interval. A unit work-to-rest ratio was used, 
with work-rest cycles of 2-hr on-duty and 2-hr off, 4 on and 4 off, 6 on 
and 6 off, and 8 on and 8 off. Sixteen male college students served as 
subjects, with four subjects assigned to each of the four work-rest 
schedules. The principal data were obtained with the measures of the 
performance battery, but additional data were gathered in an experi- 
menter's record (log book) and with a questionnaire administered to 
the subjects after the test. 

The results indicated that the performance scores continued to im- 
prove throughout the 96 hr with each of the four work-rest schedules, 
and no significant difference among the schedules was obtained. The 
data of the experimenter's log and the questionnaires suggested, how- 
ever, that the 2- and 4-hr cycles resulted in more favorable adjust- 
ments by the subjects than did the 6- and 8-hr schedules (Adams & 
Chiles, 1960). 

From these data it appeared that subjects could follow a work-rest 
schedule that permitted rest (or sleep) periods as brief as 2 or 4 hr in 
duration. Indeed, the questionnaire data suggested that the subjects 
preferred the shorter work periods and that they were willing to trade 
off the length of the rest period to obtain briefer work periods. On 
the basis of this conclusion, it was decided to use the brief 2-hr rest 
period in studying the effects on performance of work-to-rest ratios 
of 2:1 and 3:1. 

Twenty male college students served as subjects. They were di- 
vided into four groups of 5 subjects each. Two of the groups followed a 
work-rest schedule of 4-hr on-duty and 2-hr off, around the clock for 4 


days, whereas the other two groups followed a schedule of 6-hr on and 
2-hr off for the same length of time. 


The performance data gave clear evidence of diurnal cycling with 
24-hr periodicity on all measures with both schedules. Once again, 
however, the differences in the performances obtained with the bat- 
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tery did not permit any conclusion to be reached concerning which of 
the two schedules was the better, 

Fortunately, there was a clear indication that the 4-2 schedule was 
preferred over 6-2 schedule by the subjects. In addition, the experi- 
menter’s log indicated that the subjects who followed the 4-2 sched- 
ule averaged about 5-1/2 hr of sleep per 24-hr period, whereas those 
who followed the 6-2 schedule averaged less than 4 hr of sleep 
(Adams & Chiles 1961, pp. 29-34). 

All of the 4-day studies had one feature in common: they failed to 
produce differences in performance that could be used to reach mean- 
ingful decisions concerning the efficacy of the various work-rest 
schedules employed. This appears to be a function more of the total 
duration of the studies—i.e., the 4-day or 96-hr periods — than of any 
lack of effect of the schedules or lack of sensitivity of the performance 
measures (cf. Ray et al., 1961). Man apparently has the necessary re- 
siliency to meet the demands of quite stressful work-rest schedules 
over relatively brief 4-day intervals. Presumably, he has performance 
reserves that he can use to help him over such brief stressful periods. 
Studies of longer duration appear to be necessary to demonstrate 
work-rest schedule effects on sustained performance. 


3. Studies of Longer Duration 

The results of the 4-day studies had suggested that a work-rest cycle 
of 4-hr on-duty and 2-hr off might provide a highly efficient schedule 
for operators who had to perform the kinds of functions included in 
the performance battery's tasks. The results did not indicate whether 
the subjects could maintain acceptable performance over prolonged 
periods of, say, 15 days or more. This was measured in the first of sev- 
eral long-duration studies of sustained performance (see Adams & 
Chiles, 1961). 

Two crews of operational Air Force personnel each followed a 4-2 
work-rest schedule for 15 days. There were 5 subjects in one crew and 
6 in the other. Both physiological and performance data clearly demon- 
strated diurnal cycles of about 24-hr periodicity throughout the 15 
days. In general, the performance cycles lagged about 2 hr behind the 
physiological. Also, there appeared to be slight shifts in the cycles 
during the course of the study —shifts that could be interpreted as in- 
dicating slightly lengthened cycles of greater than 24-hr periodicity. 
These shifts can be seen in the data of Figs. 3 and 4 with heart-rate 


levels and correct arithmetic computations, respectively. The perfor- 
mance cycle's lag can also be seen, for example, by comparing the 
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Fig. 3. Average heart rates 


€ at different times of day during three 5-day periods of a 15- 
day study of 11 subjects (4-2 work-rest schedule). (Data of Adams & Chiles, 1961.) 
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Fig. 4. Average number of correct arithmetic computations at different times of day 
during three 5-day periods of a 15-day study of 11 subjects (4-2 work-rest schedule). 
(Data of Adams & Chiles, 1961.) 
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times of peak performance and peak physiological activation indi- 
cated by the cycles. 

The apparent shift in the performance and physiological cycles is 
tentatively interpreted as an indication of fatigue, or a work-rest 
schedule stress; namely, as a result of the accumulated fatigue pro- 
duced by the demands of the schedule, the subjects were reaching 
their physiological and performance peaks slightly later each day. 
This hypothesis may provide some interesting measures of fatigue 
and work-stress effects, if it is validated in other long-duration studies 
of sustained performance. 

In general, the data supported the hypothesis that the 4-2 schedule 
could be used over fairly long durations. Specifically, it was con- 
cluded that with some selection, highly motivated crews could main- 
tain acceptable performance levels while following a 4-2 work-rest 
schedule for a period of 2 weeks, and possibly for longer durations. 
The conclusion was based principally on the fact that two of the 
eleven subjects were able to maintain high performance levels 
throughout the 15 days. In addition, the majority of subjects indicated 
during posttest interviews that they could have continued the test for 
at least an additional 15 days if it were necessary and important for 
them to have done so. 

The crew-performance code-lock task was subsequently developed, 
and the pattern-discrimination task was replaced with target identifi- 
cations (Alluisi et al., 1962, 1963). The resultant panel was the one 
shown earlier in Fig. 1, and the 2-hr performance periods employed 
with this panel were the same as that given previously in Table I. In 
addition, the target-identification task was provided with a secondary 
display at the crew commander's position so that it reflected certain 
aspects of crew performance; this did not interfere with the individ- 
ual-performance aspects of the task. 

Then, with the addition of these crew-performance tasks and mea- 
sures to the performance battery, the 15-day study of the effects of the 
4-2. work-rest schedule was replicated. The subjects were 6 highly 
motivated Air Force Academy cadets — probably the most highly moti- 
vated subjects this experimenter has ever encountered! The subjects 
were asked to do whatever they could to prevent the expected diurnal 
cycling in performance by expending “extra effort during those work 
periods that seem to be hard on you—usually those in the early morn- 


ing hours between, say, 2:00 and 6:00 AM.” | 
The physiological data (self-determined axillary temperatures and 


pulse rates) gave clear indications ofa diurnal rhythm with 24-hr peri- 
odicity; the performance data of this group of subjects who were re- 
ferred to with the code name, "HOPE-II," gave essentially no indica- 
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tions of diurnal cycling (Alluisi et al., 1963). There was one important 
exception, but that will not be presented until after a description is 
given of the subsequent study, "HOPE-III," in which a group of 10 
subjects followed a work-rest schedule of 4-hr on-duty and 4-hr off for 
a 30-day period. 

All 10 subjects in HOPE-III were Air Force pilots. They were di- 
vided into two 5-man crews that followed the 4-4 work-rest schedule 
for the entire 30-day duration of the study. The subjects had been led 
to believe, however, that the confinement for the experiment would 
extend for 40 days, and since they did not learn otherwise until the 
study ended on the thirtieth day, it can be assumed safely that their 
data show no end effects. 

As in the previous studies, the physiological data of HOPE-III gave 
clear evidence of diurnal cycling. This is illustrated in Fig. 5, where 
the self-determined axillary temperatures are shown for the 30-day 
period. Here, as in the remaining figures in this chapter, rolling means 
are used to minimize the effects of variations attributable to differ- 
ences among individuals and work activities. Thus, each point has 
represented in it all 10 subjects and an equal number of subjects who 
have just risen from sleep, who are in the midst of a 4-hr work period, 
and who have just completed a 4-hr work period. 

Several conclusions appear to be supported by the data of Fig. 5. 
First, the diurnal cycling with 24-hr periodicity in axillary tempera- 
ture is clearly evident. Second, the drifting or lagging of the diurnal 
cycle — suggestive of a cycle that is slightly longer than 24 hr— is also 
evidenced; this is shown in the peaks of the broken line's being 
slightly displaced to the right of the peaks of the solid line. Third, it 
can be seen that the diurnal cycling in temperature apparently contin- 
ued without much abatement for the first 20 or 25 days of the study. 
Only during the last 5 to 10 days does the diurnal variation appear to 
be somewhat flattened (statistically significant during the last 5 days 
only). This suggests that physiological adaptation to atypical work-rest 
schedules will take at least 20 days, and perhaps as long as 25 or 30 
days on the average —even where the environment is controlled and 
the variations due to activity are removed by means such as the roll- 
ing-mean techniques used here. There is additional support for this 
conclusion in the literature (cf. Ray et al., 1961). 

The HOPE-III subjects, like those in the HOPE-II study of the 4-2 
schedule, had been shown the data of the earliest 15-day experiment 
in which diurnal variations in performance had been noted. They, too, 
were instructed to expend extra effort when necessary to preclude 
such performance cycling effects. They were apparently able to do so, 
but not quite as well as the HOPE-II cadets had done. Thus, although 
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Fig. 5. Average axillary temperatures of 10 subjects (HOP. 
uisi et al., 1963.) 


tained performance on a 4-4 work-rest schedule. (Data of All 


the HOPE-III subjects did exhibit statistically significant perfor- 
mance cycling on some of the tasks, the magnitude of the effect was 
not great, and the lowest levels in their cycles still represented sub- 
stantially better performance than that generally exhibited by the 11 
subjects in the earlier 15-day study of the 4-2 schedule. 

The one important exception that was alluded to earlier, and which 
had been noted in the HOPE-II data, is shown in Fig. 6 with the data 
of arithmetic computations when performed concurrently with the 
code-lock task. The data given are those of the second 4-2 study 
(HOPE-II) and the 30-day 4-4 study (HOPE-IID. The data indicate a 
condition of performance stress for both groups during the first several 
days of experimentation, apparently while they were still learning to 
time-share the tasks in the performance battery. 

Performance stress may be said to exist when on the introduction of 
an additional task, performance on all tasks (including the newly in- 
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Fig. 6. Average percentage of correct arithmetic computations by 6 subjects ina "i 
day study (HOPE-II) and 10 subjects in a 30-day study (HOPE-iII) with 4-2 and 4- 

work-rest schedules, respectively, performed with code-lock problems. (Data 2 

Alluisi et al., 1963.) 


troduced one) falls below the levels attained without the additional 
task. This was the case during the early days of performance when the 
code-lock task was added to the demands of the arithmetic-computa- 
tions and watchkeeping tasks. For example, it is apparent from the 
bottom panel in Fig. 6, where the data of the third and sixth 5-day ре” 
riods of HOPE-III are shown along with the third period of НОРЕ-П, 
that the subjects did eventually learn to time-share these tasks. Also: 
since these levels of performance are essentially identical to those 
obtained without concurrent performance of the code-lock task, it ca" 
be concluded that the condition of performance stress no longer €% 
isted. 

Rather, it was during the first several days that the performance 
stress was evidenced. During those days, the diurnal cycling of perfor- 
mance was clearly indicated in the data (see the uppermost panel о 
Fig. 6). This is interpreted to mean that even when the subjects are 
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generally able to overcome diurnal-cycling effects in their perfor- 
mances, they are able to do so only within limits. A physiologically 
determined diurnal rhythm is present and underlies all performance; 
information and motivation can be employed to overcome the tend- 
ency for performance to exhibit the same rhythm, but only to a point. 
If the subjects are overloaded — if they have more than they can do, as 
in the performance-stress condition—the diurnal-cycling effects are 
likely to reappear in the performance data. 

The results of the 30-day study otherwise indicated that the 4-4 
work-rest schedule was less demanding than the 4-2 schedule (Alluisi 
et al., 1963). It was concluded that whereas with proper control of 
selection and motivational factors, crews can work effectively for at 
least 2 weeks (and probably longer) using a schedule of 4-hr on-duty 
and 2-hr off, crews can work even more effectively for periods of at 
least a month (and quite probably for 2 or 3 months) using a schedule 
of 4-hr on-duty and 4-hr off. Also, the latter schedule would apparently 
require less demanding controls of the selection and motivational fac- 
tors. 


4. Effects of Sleep Loss 
The conclusions just listed were further supported by the results of 
four 12-day studies of the combined effects of sleep loss and the two 
work-rest schedules (Alluisi et al., 1964a). This is illustrated in Fig. 7 
in terms of the percentage of correct responses in the arithmetic-com- 
putations task when it was presented without concurrent presentation 
of the code-lock task. The solid curve represents the data of the two 
groups (20 subjects) who followed the 4-4 work-rest schedule, and the 
roken line represents the two groups (12 subjects) who followed the 
4-2 schedule. 
Performance was generally inferior on the 4-2 schedule as com- 
pared with the 4-4, and the stress of sleep loss (40 and 44 hr of wake- 
fulness with the реч schedules, respectively) resulted in greater per- 
formance decrements for subjects on the 4-2 schedule than for those 
on the 4-4 schedule. Diurnal cycling in the performance measures of 
the 4-4 subjects was generally not apparent, except during the period 
of sleep-loss stress. The performance of the 4-2 subjects also showed 
increased diurnal cycling during the sleep-loss period. Thus, it again 
appears that the extent to which motivation can be used to overcome 
the physiological rhythm is limited; as Bloom (1961) has concluded, 
there is reason to respect the normal diurnal body rhythms. 


5. Control Studies 


Although direct reference has not 
trol studies have been conducted. In one 


been made to them, several con- 


(Adams & Chiles, 1961, pp. 
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Fig. T. Average percentage of correct arithmetic computations (without concurrent 
presentation of code-lock problems) by 12 subjects on a 4-2 work-rest schedule and 


20 on a 4-4 schedule during the 12 days of a sleep-loss study. (Data of Alluisi et al., 
1964a.) 


35-39), 6 college students were tested 4-hr per day, 5 days per week, 
for 6 weeks (120 hr of performance). When their performance was 
compared with that of the earlier 15-day 4-2 study, it was generally 
found that the controls continued to improve and were superior to the 
experimental subjects on most tasks (specifically, on arithmetic com- 
putations, auditory vigilance, and warning-lights monitoring). 

A second control study (Hall, Passey, & Meighan, 1965) was con- 
cerned with an evaluation of performances on the three watchkeeping 
tasks (auditory vigilance, probability, and warning-lights monitoring) 
when they occurred with and without concurrent performance of the 
three active tasks (arithmetic computations, target identifications, and 
code-lock solving). After familiarization and preliminary training 
given over a 4-day period, two groups of 5 college students were 
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tested for 4 hr per day on 6 successive days. It was concluded that 
concurrent presentation of the active tasks has a detrimental effect on 
the operator's performance of his watchkeeping duties (see also 
Hawkes, Meighan, & Alluisi, 1964). The effects are similar to those of 
performance stresses, in that removal of the concurrently presented 
active tasks invariably resulted in the recovery of the watchkeeping 
performances back to the previously attained levels. 

A more recent contro] study was conducted at the University of 
Louisville with a slightly different version of the MTP battery—a ver- 
sion that is essentially the same as the performance battery that was 
shown earlier (in Fig. 1) except that the auditory-vigilance task has 
been replaced with a blinking-lights monitoring task. In this study 
(Alluisi et al., 1967), 10 Air Force ROTC cadets followed a work-rest 
schedule of 4-hr on-duty, 4-hr off, 4 on, and 12 off, for 11 consecutive 
days. These subjects were not restricted in their activities except, of 
course, during the 8 hr of work per day; during the remaining 16 hr 
рет day they were free to conduct their normal activities (school was 
not in session). à 

The dotted line in Fig. 8 presents the control group's percentage of 
Correct responses in the arithmetic-computations task, when this task 
Was worked without concurrent presentation of code-lock solving. 
The broken line presents the comparable data of the first 12 days of 
performance of the ten pilots in the 30-day study of the 4-4 work-rest 
schedule (HOPE-IID). А 

It is apparent from the data of Fig. 8, as it was іп all the data ob- 
tained, that the two groups performed at essentially identical levels. 
From this it can be concluded that the 4-4 schedule under the condi- 
tions of the 30-day study (i.e, with controlled environmental 
Conditions) produced performances that were as good as those ob- 
tained with a less demanding 4-4-4-12 schedule under the more 
nearly normal working conditions in which the operators, subjects, or 
workers are free during their off-duty hours to do what they care to do. 


B. LATER RESEARCH: THE EFFECTS OF ILLNESS 


Men are subject to illnesses —to infection—as long as they live, and 
their work or sustained performances may be expected to show the 
effects of such illnesses. A large part of the biomedical literature is 
devoted to infectious diseases, and a great deal of medical practice is 
devoted to the prevention of infection and the treatment and cure of 
infected individuals. 

Relatively little of the psychological literature, however, has been 
Concerned with the effects of infectious diseases on behavior. If only 
little is known of man's behavioral reactions to infection, essentially 
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Fig. 8. Average percentage of correct responses (to arithmetic-computation problems 
presented without concurrent code-lock problems) by a 10-man control group (BEID-D 
and a 10-man experimental group (HOPE-III) working 8 and 12 hr per day, respec 
tively. (Data of Alluisi et al., 1967.) 


nothing is known regarding the quantitative effects of infectious dis- 
eases on his sustained performance or work (cf. Warm & Alluisi, 1967). 

There is little doubt that this dearth of knowledge concerning the 
behavioral effects of infectious diseases has been based in great mea- 
sure on the more basic needs for suitable methods of assessing man's 
sustained performances. It was not unnatural, therefore, that the pre- 
sent line of synthetic-work research on the general question of sus- 
tained performance turned specifically to the study of the effects О 
illness. 


1. Effects of Tularemia 
In one experiment (Alluisi et al., 1967), of 10 volunteer subjects; 8 
were infected with respiratory Pasteurella tularensis (commonly 
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called “tularemia” or “rabbit fever”) and 2 served as uninfected con- 
trols. The subjects worked on a schedule of 4 hr on-duty, 4-hr off, 4 on, 
and 12 off, during each of 12 successive days. Exposure occurred on 
the moming of the fifth day of testing. As indicated by the rectal tem- 
peratures shown in Fig. 9, the experimental subjects were febrile by 
the eighth day, remained so during the ninth day when treatment was 
started, were normal on the tenth day, and were slightly subnormal in 
temperature on the last two days of testing. The broken curve in Fig. 9 
presents the rectal temperatures of the two control subjects; the dot- 
ted line presents the self-determined axillary temperatures of 10 
subjects in the University of Louisville control group discussed 
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Fig. 9, Average temperatures of 20 subjects working 8 hr per day, 10 subjects for 11 
days (BEID-1) and 10 for 12 days (BEID-2); the axillary temperatures of BEID-1 are 
read from the ordinate on the right, and the rectal temperatures of BEID-2 are read 
Тот the ordinate on the left (both for the controls, C, and the experimental subjects, 


E). (Data of Alluisi et al., 1967.) 
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previously (and identified in the figure as BEID-1). The experimen- 
tals are identified in the figure as BEID-2E, and the hospital controls 
are identified as BEID-2C. 

Respiratory tularemia is a febrile disease based on infection with 
the P. tularensis bacterium. It is characterized by severe headache, 
photophobia, nausea, myalgia, and depression. All eight of the experi- 
mental subjects became symptomatic on either the seventh or eighth 
day of testing, and chemotherapy was begun on each either during the 
eight or ninth day. Both of the double-blind controls remained asymp- 
tomatic throughout the period of testing. 

Decrements in the performances of the experimental subjects were 
measured during the period of illness with each of 13 scores that are 
based on the six tasks employed in the MTP battery used. In addition, 
a general index of performance was derived in order to represent in a 
composite score the general performance of the subjects on all tasks. 
This index of general performance is the mean percentage of baseline 
performance — where each subject's performance with each of the 13 
measures during the sixth day of testing was taken as the baseline and 
set at 100%. The results obtained with this index of general per- 
formance are shown in Fig. 10. 

As is indicated by the data of Fig. 10, average efficiency fell about 
25% during the period of illness. Recovery 3 days after treatment had 
begun was incomplete, with performance averaging 10 to 15% below 
that of control subjects. 

In terms of the individual tasks, illness-related decrements in per- 
formance appeared to be evidenced more clearly in the active tasks 
relative to the watchkeeping tasks, but the recovery to baseline per- 
formance following treatment was less nearly complete in watchkeep- 
ing than in the active tasks. The recovery in watchkeeping was found 
to be better, not worse, than the recovery in the active tasks, during 
an extended 15-day replication of the tularemia experiment (Thur- 
mond, Alluisi, & Coates, 1968). Since the illness-related decrements 
in performance were again more clearly evidenced in the active tasks, 
the difference in the recovery patterns of the two studies is specific. It 
demonstrates an effect that cannot occur where time-sharing is not 
required, and it emphasizes both the advantage and the potential dan- 
ger implicit in the use of a composite measure such as the index of 
general performance. 

On the average, there was a 6% drop in performance efficiency with 
each 1°F rise in rectal temperature during the period of illness (8% 
per °F in the later study, where average efficiency fell 33%). Differ- 
ences among individual subjects were very great; the decrements in 
performance ranged from essentially none to about 20 % per degree 1n 


3. Sustained Performance 91 


Day 2 Day 3 


2 по 
з $ 
E 
a ioo s 
5 t =. 
& 90 
El 
2 L 
$ e Baseline J 
ё Exposure day 
—_—| 
5 7oh,+ к 
£ S шынайы E T RET 
Е пор 09у 9 Day 10 Е) 
90 | 
4 
“++ BEID-1 4 
- _ S| --- BEID-2C 
— ВЕІО-2Е 7 


0800 0800 0800 0800 0800 


Time of day (hours) 


Fig. 10, Average percentages of baseline performances of 20 subjects working 8 hr per 
day, 10 subjects for 11 days (BEID-1) and 10 for 12 days (BEID-2); 8 experimental (E) 
and 2 control (C) subjects are included in the latter group. (Data of Alluisi et al., 1967.) 


both studies, Additional research will be required to identify the psy- 
chological and biomedical correlates of such performance decrements. 
Hopefully, such research should lead not only to an explanation of the 
Wide range of differences among individuals in their behavioral re- 
actions to illness, but also to continued advances in our development 
of techniques for the assessment of sustained performance and in our 


understanding of man’s work behavior. 


2. Effects of Other Infections 

The effects of phlebotomus fever (commonly called “sand-fly fe- 
ver”) on sustained performance have been studied in two 15-day ex- 
beriments similar to the tularemia studies described in the previous 
Section. Although it is a viral infection (Phlebotomus papatasii, Sici]- 
"ап strain) normally contracted through the bite of a sand fly, phle- 
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botomus fever is characterized by symptoms that are nearly identical 
to those of tularemia, a bacterial infection (Pasteurella tularensis): 
fever, severe headache, photophobia, malaise, and leukopenia. It is 
not fatal, and recovery will occur in a few days without chemotherapy: 
The results of these studies have not yet been published. 

Only one other study can be cited (cf. Warm & Alluisi, 1967) as 
having dealt experimentally with the effects of infection on human 
performance; this is the excellent and extensive study of Franken- 
haeuser (1958) on the behavioral effects of primary aseptic meningo- 
encephalitis. Although multiple-task performance was not measured, 
nor a synthetic-work situation employed, the results are relevant to 
our interests in sustained performance because of the functions 
measured with the tests used. They included measures of visual 
recognition, spatial discrimination, visual-motor coordination, reason- 
ing, verbal ability, and numerical skill. 

In general, the adult patients who had suffered from the viral en- 
cephalitis were inferior to a group of control subjects who had been 
matched for age, sex, social class, and education. The differences were 
statistically significant in tests that involved speed of performance ^ 
such as target identification, multiplication, letter cancellation, and 
color naming—and it has been suggested that response time may be 
adversely affected by meningoencephalitis in adults. 


C. RELATED PERFORMANCE ASSESSMENT RESEARCH 


As we indicated earlier (cf. Section II), there have been numerous 
attempts in recent years to conduct experimental research on sus- 
tained performance. We cited the excellent work of Grodsky and his 
colleagues (Grodsky, 1967; Grodsky et al., 1966) in full-scale, integrat- 
ed, mission simulation as representing one of the best examples of the 
good work being done at one end of a dimension of possible ap- 
proaches to research on performance assessment—the end at which 
the highest possible degree of fidelity is achieved in the simulation © 
an actual work situation. The definitive work of Fleishman (1967b) 
and Parker (1967) was cited as representing the other end of the di- 
mension, where individual tests of factor-analytically identified pu 
mary abilities are used, and where no attempt is made to have the test 
situation simulate faithfully any work situation. The synthetic-w0! 
approach that falls somewhere between the two ends of this dime?” 
sion has been described in detail here. t 

Other approaches have also been used. The pioneering work : 
Fitts and his colleagues at the Ohio State University (Fitts et al., 1958; 
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also published in Fleishman, 1967a, pp. 676-692) with the use of an 
air traffic control simulator for laboratory experimentation on the oper- 
ation of a generalized air traffic control system falls between the syn- 
thetic-work and full-scale simulation techniques. In fact, the Ohio 
State work laid the groundwork for the step to be taken from “a gener- 
alized air traffic control situation" to the even more general "syn- 
thetic-work situation." The debt should be recognized and acknowl- 
edged. 

Finally, by way of example it should be noted that others have em- 
ployed techniques that fall between synthetic work and the specific- 
test end of the dimension (Hartman & Cantrell, 1967; Steinkamp, 
Hawkins, Hauty, Burwell, & Ward, 1959). In one such experiment 
(Hartman & Cantrell, 1967), 13 subjects followed one of three differ- 
ent work-rest schedules on each of 12 successive days (4 hr on- 
duty and 2 hr off, 4 and 4, or 16 and 8), except for days 8, 9, and 
10, when all the subjects worked continuously without sleep. The 
subject's work consisted of 2-hr blocks of testing in which five devices 
Were used: (1) the Complex Coordinator developed during World War 
II (a discontinuous pursuit tracking task); (2) the Multidimensional 
Pursuit Test also developed during World War П (a 4-element com- 
the Neptune, a multiple-task device re- 
cently developed at the Air Force School of Aerospace Medicine to 
include four tasks (watchkeeping, short-term memory, arithmetic 
computations, and tracking); (4) the Multiple Reaction Time Task, also 
developed at the School of Aerospace Medicine (both simple- and 
choice-reaction tasks are included); and (5) the Complex Discrimina- 
tion Reaction Time Test (a problem-solving and reaction task). In 
general, the data corroborated and extended those of the work-rest 
Studies reported earlier in this chapter (cf. Section IV,A); the major 
differences among the schedules occurred during the period of the 


Pensatory tracking task); (3) 


Stressful wakefulness. В 

The synthetic-work approach to the study of sustained performance 
is being employed in several different laboratories. In addition to the 
Work cited (nearly all from the Human Factors Research Laboratory of 
the Lockheed-Georgia Company and the Performance Research Labo- 
ratory of the University of Louisville —the only active laboratories in 
this area until recently), MTP batteries are now being used in the 

raining Research Division of the Aerospace Medical Research Labo- 
Tatories at Wright-Patterson Air Force Base, at the Missile and Space 
Systems Division of the Douglas Aircraft Company, and at the Federal 
Aviation Administration’s Civil Aeromedical Institute in Oklahoma 


City. Progress on the assessment of sustained performance is being 


made, 
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V. Criteria for Task Selection and Validity 


In a recent conference on the methodological problems asso- 
ciated with performance-assessment research (Chiles, 1967), it was 
noted that the greatest of the problems faced with the synthetic-work 
approach are those related to the selection of tasks for inclusion in the 
multiple-task performance battery (Alluisi, 1967, p. 383). A discussion 
of the criteria that can and should be employed for the selection of the 
tasks will show why this is true, especially an examination of the va- 
lidity criterion. 


A. VALIDITY 


We have a problem with regard to predictive validity. As we in- 
dicated earlier (cf. Section I), we shall not be able to measure the pre- 
dictive validity of any of the MTP batteries until we have a suitable 
criterion; i.e., until we are able to assess the operator's or worker's per- 
formance of real work in operational systems. Thus, the tasks in the 
performance battery described (in Section III, A) were not preselected 
for predictive validity. With the assistance and advice of numerous 
associates and consultants (see Adams, 1958, p. ii), they were selected 
on the basis of content validity. This was discussed previously 
(Section III, B). Also, evidence that they have at least some construct 
validity has been presented elsewhere (Alluisi, 1967, pp. 381-382). 

An attempt could be made to measure concurrent validity by corre- 
lating the results obtained with the MTP batteries with those obtained 
by other approaches, but this has not yet been done. Concurrent valid- 
ity is a meaningful concept only when there is agreement in the field 
concerning standard tests and procedures (e.g., the Binet as a test of 
intelligence). The performance battery described in this chapter (in 
Section III, A) comes closest to a standardized battery, at least in 
terms of the amounts of data collected with its use, but its self-correla- 
tion would provide evidence of reliability, not concurrent validity. 

In summary, the performance battery has content validity and some 
construct validity — its tasks appear to include the desired content, and 
to measure the desired functions orthogonally. We see no immediate 
possibilities of obtaining direct measures of predictive or concurrent 
validity, and this constitutes one of the greatest methodological prob- 
lems in attempts to study the assessment of sustained performance. 


B. OTHER CRITERIA FOR TASK SELECTION 


The usual criteria of validity and reliability are not sufficient for the 
selection of tasks to be included in an MTP battery that is to be used to 
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create a synthetic-work situation. Other criteria must be met. Among 
the most important of these are the eight listed below. 


І. Face Validity: Operator Acceptance 

To the subject or operator, the test battery and each task in it must 
appear to measure important aspects of performance. This is impor- 
tant because if a task fails to convince the operator of its importance 
and validity, his performance on that task may reflect fluctuations in 
his interest and motivation independently of the parameters under 
study. In fact, one seemingly invalid task could so change the attitude 
of the subject as to make invalid all of his performance it could lead 
him to behave differently in the test situation than he would behave in 
the actual work situation. It is frequently difficult to meet the require- 


ments of this criterion. 


2. Sensitivity 

The task must reflect the genuine performance changes that occur 
under the conditions of study. It should not be so sensitive as to sug- 
gest a serious impairment, for example, when none actually exists. It 
Should not be too sensitive to incidental or accidental events, yet it 
must be sufficiently sensitive to reflect appropriate changes created by 


relevant experimental conditions. This criterion has caused difficulty 
in past years, especially in the study of fatigue where individual, iso- 
lated tests of functions have been insensitive (cf. Fraser, 1967). 


3. Engineering Feasibility | | 
Equipment suitable for programming, presenting, and scoring 
the task should be available, or within design and construction capa- 
and without major delay. Furthermore, 


bilities, at reasonable cost ‘ge 


the equipment must be sufficiently reliable to permit sustained 
ngthy mission durations—like the 15- 


?r periods comparable to ler s d Here: iis 
and 30-day durations studied in the experiments reported here (see 
Section IV). 


4. Task Reliability 
In addition to the equipment or h fans 
task must demonstrate suitably high statistic 


ardware reliability, of course, each 
al reliability. 


x Flexibility ' 
Each task in an MTP battery, and the battery itself, must be easily 


Modifiable in terms of the programming of stimuli and the recording 
ng tasks should be designed to 


Of res i 

responses. For example, watchkeepi: à з 3 

Dermit their use with a variety of signal metrics. Programming of the 
s E 
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tasks in multiple-task performance conditions should be uncon- 
strained so that various combinations of the tasks can be used in differ- 
ent studies —as might be demanded by the attempt to represent differ- 
ent amounts of the basic functions when “synthesizing” different 
work situations. This criterion will become even more important if 
ever a taxonomy of tasks is developed. 


6. Work-Load Variability 


A range of work loads must be available with the performance ог 
MTP battery, and it must include both realistic loadings of the opera- 
tor and the demand for time-sharing among the tasks. Both theory and 
practice have demonstrated that man can rise to meet the demands of 
the occasion whenever the occasion is represented by a single task or 
by a set of tasks that falls short of presenting a realistic work load. Also, 
it appears that when man is forced to time-share among a number of 
tasks (a characteristic condition of most, if not all, operational or work 
situations), his performance provides one of the earliest indications О 
incipient impairment. Thus, the work loads that can be imposed wn 
the MTP battery should range from the relatively light to conditions 0 
near or actual operator over-load. 


7. Trainability 


Asymptotic levels of performance should be attainable with the най 
lected tasks after a minimum of training, and preferably with nothing 
more than familiarization training. “Learning” should not be a mae 
variable in the tasks selected, unless the tasks are selected to measure 
changes in this function per se. This criterion must be met if realistic 
levels of skill are to be presented; in the operational situation, the 
operator is not expected to learn to perform his functions while cena 
ing out a mission. All the tasks in the performance battery should, 


P É . ati a 
therefore, reflect the high level of skill of the man in the operation? 
man-machine system. 


8. Control-Data Availability 


Reliable control data should be available, and it must be feasible to 
collect additional control data with the entire MTP battery and with 
each of its separate tasks. The tasks must be adaptable to laboratory 
investigations; they should be equally well suited to the undergradu- 
ate college student, to volunteer military subjects, and to samples ^ 
operators who represent appropriate subpopulations of ee 
Where differences in performance are obtained with different samp’ es 
of subjects, the differences must be specifiable and capable of being 
related to expected results with other populations. 
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VI. Concluding Comments and Summary 


The assessment of sustained performance or work behavior in- 
volves problems that are obviously complex, but the problems are not 
impossible to solve. We believe it to be of great importance to the sci- 
ence of psychology that concentrated efforts be made toward their 
solution. The final tests of the validity of a science’s theories lie in the 
utility of the technologies based on those theories. In the present case, 
the further development of technology awaits the creation of appropri- 
ate and valid behavioral theory (or theories). 

We have attempted here to present the philosophy, techniques, and 
data of a program of research on the assessment of sustained perfor- 
mance or man’s work behavior. The methodology developed has em- 
ployed a synthetic-work situation in which it is possible to measure 
and evaluate the performances of subjects or operators who are re- 


quired to work at the time-shared tasks presented with a multiple-task 
asks themselves were selected to 


performance (MTP) battery. The ta 
Measure certain behavioral functions that man is called upon to per- 
form in a variety of work situations in the complex man-machine s 
tems of today. Specific research studies have dealt with confinement 
in a volumetrically restrictive environment (see Adams, 1958), sus- 
tained performance, work-rest scheduling, and diurnal rhythms in 
man (see Alluisi & Chiles, 1967), and with the behavioral effects of 
infectious diseases. The results of these studies provide perhaps the 
best basis on which to judge both the synthetic-work techniques and 
the possibility of experimental psychology's contributing significantly 


to our knowledge of man's work behavior. | 
А The general conclusions supported by the results of experimenta- 
Чоп are as follows: (1) Crews consisting of as many as 10 men can be 
Confined in a space as small as 1100 ft" for as long as 30 days or more 
Without observable detriment. (2) Men apparently can follow a work- 


rest schedule of 4 hours on-duty and 4 hours off for very long periods 
Я For shorter periods of 2 or 


without damage to their performances. (3) | 

possibly 4 weeks, selected men сап follow a more demanding 4-2 
Work-rest schedule with reasonable maintenance of performance 
efficiency, (4) In following the more demanding schedule, man uses 
up his performance reserve and so is less able to meet the demands of 
emergency conditions such as those imposed by sleep loss. (5) The 
diurnal rhythm which is evidenced in physiological measures may 
also be evidenced in the performance, depending on the information 
given to, and the motivation of, the subjects, and depending also on 
the total work load. (6) Even where motivation is sufficiently high, the 


diurnal cycling of performance may be demonstrated when the opera- 
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tor is overloaded or stressed. (7) The average performance luce Fd 
a crew of men will drop between 25 and 33% during a period of ill- 
ness with a febrile disease such as tularemia. (8) During such an ill- 
ness, the average drop in performance efficiency is between about б 
and 8*4 per I°F rise in rectal temperature, but (9) individual differ- 
ences will be very great and may be expected to range from essen- 
tially no decrement to one of about 207 per degree. | 

In short, the synthetic-work methodology and its MTP batteries 
appear to yield measures of sustained performance that are sensitive 
to the manipulation of both obvious and subtle experimental vari- 
ables. They have provided a means for the conduct of experimental 
research on sustained performance or work behavior, and the data col- 
lected have led to inferences and conclusions like those listed in the 
preceding paragraph. Even in this small way, progress is being made; 
psychology is advancing. 
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CHAPTER 4 


Cybernetic Theory and Analysis 
of Motor Learning and Memory’ 


KARL U. SMITH 
HARVEY SUSSMAN 


University of Wisconsin 


I. Introduction 


This chapter describes the concepts and methods of experimen- 
tal systems research in the scientific study of human learning. The 
expression experimental systems research refers to the кеш, 
vestigation of learning as a variable, feedback-determinec NE E 
also includes application of the principles and findings б | e шай 
research to the design of learning, training, and educationa i —— 
In systems studies, we are concerned with the cybernetic or varia e 
Control factors that determine the relationships between — 
memory, and performance. Such control factors can be understoo by 
experimental feedback analysis of motor-sensory interactions. 

In the two decades of its existence, experimental feedback study 
has corrected past limitations of experimental psychology by theoreti- 


en supported by the National Science Founda- 
sack Analysis of Feedback Delay and Intermit- 
tency in Performance and Learning, by the Social and Vocational Rehabilitation Admin- 
istration for a project on Experimental Cybernetic Analysis of Body Motions, and 
generally, under a training grant provided by the Biological Sciences Section, National 


Institute of Mental Health. 


1 
. “The research in this chapter has be 
tion for a project on Multivariate Feedl 


\ 
| 
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cally clarifying learning and training factors in physical behavioral 
science (K. U. Smith, 1967). Specifically, development of feedback 
research methods has made possible for the first time a systematic 


| investigation of the human factors involved in the design of machines, 


\ training devices, and educational processes and techniques. More 
l recently, advances have been made in applying practice-related feed- 
back theory and methods to research on physical rehabilitative pro- 
cesses (K. U. Smith & Henry, 1967). 

As used in research on learning, the term cybernetics means guid- 
ance and control of behavior. Two points of view have developed in 
the last two decades about the field of cybernetics. The first, repre- 
sented by Wiener (1948) who coined the term cybernetics, empha- 
sized the mathematical study and modeling of living control mecha- 
nisms through computer or servomechanism simulation (Ashby, 
1963). During this same period, an experimentally oriented sector of 
cybernetic study has developed. This approach is based on laboratory 
experimentation in which the variable space, time, force, and signal 
feedback variables of motor-sensory systems have been investigate 
as determinative factors in learning and performance (K. U. Smith & 
Smith, 1966). 

The experimental concept of feedback emphasizes several aspects 
of psychophysiological regulation: (1) reciprocal interaction between 
motion and sensory input; (2) closed-loop regulation by dynamic 
movement of both self-generated input and environmental stimula- 
tion; (3) positive and negative regulation of different patterns of error 
of sensed input; and (4) multidimensional feedback control by differ- 
ent levels of postural, transport, and articulated movement (Fig. 1). In 
this approach, vital closed-loop regulation is not limited to the simple 
servomechanism model of negative feedback control. Rather, We 
emphasize the positive and negative feedback and feedforward as- 
pects of closed-loop control of continuously guided and organize 
response. Motion, physiological processes, and learning are linke 
together as closed-loop operations which can guide, start, stop, modu- 
late, vary, transform, and integrate internal organic and external skele- 
tal-motor behavior. Learning and memory capabilities are defined 
directly by the significant properties of closed-loop, motor-sensory 
interactions within a living system, not by extraneous associations 07 
reward-and-punishment reinforcements acting on the system. 

Past views emphasized that learning is determined by time-conti- 
guity and associative factors between different responses, or by re- 
ward, punishment, or drive reduction effects which occur after some 
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Critical response that is to be learned. In contrast, a systems concept 
States that learning is determined by the direct sensory effects of 
movement or stimulation which accompany the response to be 
learned and does not require reinforcing aftereffects or associated re- 

f learning reinforcement is incom- 


actions à 
ctions. In our view, the concept о 
patible with a feedback doctrine because the former stresses open- 
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loop factors of reward, punishment, 
reduction as associated contingencies 
not recognize the significance of intri 
guiding response and determining le 


anxiety reduction, and drive 
of learned response and does 
nsic motor-sensory factors in 
arning. 


II. Experimental Systems Design in Learning Research 
Experimental cybernetic methods 


y at 
are based on the view the 
variable space, time, force, 


and signal feedback factors determine per- 
formance, learning, and memory (Fig. 2), The top diagram in this fig- 
ure denotes the fact that in unaided response, different modes of reac- 
tive and operational feedback are produced by motor-sensory activity: 
The feedback received from movement itself is designated reactive 
feedback. Such sensory effects of movement are always dynamic and 
typically serve to define the feedback compliance between kinesthet- 
ic, interoceptive, and exteroceptive factors in performance and learn- 
ing. Besides these effects, the individual also receives operational 
feedback from action of movement on the environment. Such sensory 
effects are of a tactual, visu Р 


al, or auditory nature and may be dynamic 
or persist as static aftereffects of movement. For example, in moving 


his hands through the sand, a child sees the marks in the sand as they 
are made as well as the Static trace of these marks for some time after 
the movement has been completed. In doing systems analysis of 
learning, we are concerned with all of these modes of movement-con- 
trolled feedback and their critical Properties as deterinants of learn- 
ing. In the present view, the seri Fs cu 


Н а Е Ous fault of past associative and rein- 
forcement doctrines is that they have attempted arbitrarily to limit the 
determination of learning г у 


ТУ primarily to the static afteref- 
fects of response, as such effects can be defined in terms of mass- 
action concepts of temporal contiguity, reward-and-punishment rein- 
forcement, and drive reduction. 


A. FEEDBACK COMPLIANCE AND Toor-Usixc 


As suggested in Fig. 2b, modes of feedback in unaided behavior can 
be added to and transformed by tools and machines. Such implements 
add a dimension of instrumental feedback to behavior and learning 
which is distinct from the reactive and Operational components of 
motor-sensory activity. Instrumental feedback is provided through 
exteroceptive stimulation to give the human Operator both the feel of 
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ntal feedback 


1 feedback. (b) Instrume: 
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Fi 
B.2, y 

* Modes 

odes of dynamic feedback regulation 


€ 
Зор regul 
and operationa 


9 ation involvi 
Contro] in n involving reactive 
al, and operational 


volvi i i 
Ing reactive, instrument 


ons in performing typical ac- 
aring, forming, pushing, lift- 
transform the feedback fac- 
ensory interactions. It thus 


an in 
Seg урен as well as its critical motic 
ing, or анон cutting, smashing, she 
Ors ЧУСУ ЕЙ. ce, The implement serves to 
makes бё үс, їп unaided motor-s а 
tions taten ble magnification of behavior in performing tooling func- 
In ые A carried out only in limited ways with the hand. 
earning relat eory, the main determinants of both performance and 
lerence aes to the space, time, force, and signal compliance or co- 
9 learn ra "m the modes and levels of feedback defined in Fig. 2. 
active, ы ly and to achieve efficiency 1n performance, the re- 
dynamical] Mental, and operational feedback factors must be yoked 
terning us and continually in terms of time, force, and spatial pat- 
uced, the aie у. and sensory input. When such compliance is re- 
Performance emand for practice to achieve some standard of efficient 
is reduced. e is increased and the potential level of effective action 
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B. EXPERIMENTAL CYBERNETIC METHODS 


Feedback compliance is far more than generalized factors of stimu 
lus-response compatibility. To study feed 
it has been necessary to devise new meth 
the variable space, time, force, 
modes and conditions of feedb 


in Fig. 3. These methods inclu 
cal, magnetic-tape, television, 
the space, time, force, and sig 


Б” 
g. 3, the experimental devices 
€ part of the closed-loop circuit linking motor а 

he subject does not see, feel, or hear th s 
tly, but only after the feedback properties 
of these movements have been varied by the electronic, optical, e 
computer systems. Using di methods, spatial inversion and dis- 
tortions, time delays and interruptions, force amplifications and re- 
ductions, and Signal variations can be introduced into 
given sectors of a motor- and the variable feed- 
back determinants of 1 mory systematically investi- 
hods used in motor learning 
5 described in Fig. З permit experimental eon 
and sensory factors that charac- 
ponse mechanisms, and can be 
› time, force, and Signal characteristics of partic- 
ular motor-sensory interact; are not limited to the study of 
ent associations between differ- 


III. Systems Determinants of Learning 
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A. MULTIDIMENSIONALITY 


OF RESPONSE COMPONENTS IN 
LEARNING 


Figure 1 indicated that several closed-loop factors, such as the con- 
tinuity and multidimensional characteristics of feedback control, de- 
fine the pattern of any particular response to be learned. Specifically, 
we assume that every motion system, such 


i : 10- 
as locomotion, hand n 
tion, eye movements 


‚ and speech, involves at least three levels 9 
closed-loop control corresponding to postural, transport, and manipu- 
lative or articulative movements, and that neural integration of behav- 
ioris based on specialization and interaction of these different closed- 
loop circuits. Postural movements maintain the body's position i" 
space by means of feedback loops which incorporate the receptors 
that are sensitive to the pull of gravity, for the earth's gravitationa 
field is the primary spatial reference system for the behaving orga- 
nism. Transport movements propel the legs in walking and the arms 
in moving the hands from one position to another. The transport move- 
ment system has dual representation on both sides of the midline to 
control the body's bilaterally symmetrical parts, The manipulative ої 
articulative feedback circuits control the highly specialized and re- 
fined movements of the hands, feet, mouth, face, and the mobile re- 


ceptors. Manipulative movements usually define the focal activities О 
the individual, such 


ecise i 5 "c p : : i 5 
precise motions сап be g m highly precise, stimulus 
f these diverse bodily activi- 


e ofthe closed-loop nature of the respond- 


ing system. 

Special electronic behavior 
the manipulative and transport comp 
developed to measure the changes ir 
transport movements when the visua 
placed or delayed by optical and | 
(Fig. 3b). Results of one study ( 
learning curves for manipulative components were quite different 
from those for travel movements in a drawing task involving optical 
inversion of feedback. This difference was significant when learning 
was distributed over 20 days with one-h 


alf hour practice each day, as 
well as when practice was massed in a single day. 


sensing systems which separately time 
onents of response have been 
n duration of manipulative and 
l feedback of response was dis- 
aboratory television techniques 
K: U, Smith, 1966b) indicated that 


B. MOVEMENT-PRODUCED FEEDBACK AS A DETERMINANT OF 
LEARNING 


A main issue raised by a feedback theory of learning is whether di- 
ct sensory effects of motor activity induce learning, Gould and 
rec sor) 
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Smith (1963) tested this issue by using television methods to control 
angular displacement of visual feedback in maze tracing and circle- 
drawing motions. Methods and results of the experiment are shown in 
Fig. 4. The design consisted of practicing 24 subjects in the two tasks. 
uring each day of training, each subject traced one maze pattern and 
drew three circles under each of four conditions of feedback dis- 
Placement. Order of displacement of conditions was varied by subject. 
Underlying this experiment was the assumption that the circle 
drawing task would show fewer learning effects because the subject 
received no direct sensory effect of his accuracy in drawing a circle 
under the four displacement conditions, whereas the maze task, by 
giving continuous information to the subject for guidance of his ues 
Movements, would produce significant learning changes. In the чу; 
drawing task, the subject received an elliptical distortion of the "аи 
battern he was trying to draw. Since he could never tell the extent s" 
this distortion, he never got an accurate indication of the guidance o 


his motion in drawing a true circle. | E 

The results, commana’ in the graphs in Fig. 4, confirmed Ње мей 
Sumptions on which the experiment was based. The buy 5 ке 
Significant learning effects at all angles of displace А e n i 
whereas the circle drawing task did not. This experiment onim зај 
Movement-controlled dynamic feedback from a Een ае ic 
not only a sufficient but an essential condition for learning that re 


sponse, 


C. Dynamic vERSUS STATIC FEEDBACK AS А DETERMINANT OF 
LEARNING 
Figure 2 indicated that the feedback determinants of pete 4 
be either dynamic or static in nature. Dynamic feedbac € 
the active components of reactive, instrumental, and operationa ef- 
fects of movement, whereas static feedback represents the "qoe. 
delayed aftereffects of a response on the environment. Ear ier, we 
noted that static feedback of motion represents in part what traditional 
learning theorists have designated as knowledge of results in learning. 
he term informational feedback also has been used to designate 
these static operational aftereffects of a given motion in learning 
(Bilodeau, 1966). 
K. U. Smith, Ansell, and Smith ( 


of delayed-dynamic and delayed-static : 
Чоп responses on learning. Using а single large videotape recorder 


connected with a laboratory television setup, visual feedback of the 
tracing motions was stored for a period of performance and then 


1963) compared the relative effects 
feedback effects of target loca- 
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а 2 À ы igen mr т. the role of immediate Sensory feedback in determining 
uman learning. (a) Method о angularly displac; ‘ ing 

ык 1 ч < Splacing the visual feedback aze tracing 
and circle-drawing motions. (b) Learning Curves for maze See ee curves 
aze tracing. (c) Lea 


for circle drawing in which the subj i 
subject had no indicat; 3 i i ased 
oniGould & K, U. Smith, 1963.) ndication of error in drawing. (Ba 


i 5 ‹ Seconds of performance were 
stored on videotape and after this interval were played back to the 


subject in two ways —i.e., as a static fixed picture of the tracing pattern 
made by the subject (static feedback pattern), and as а dynamic replay 
of the actual movements as made in the performance period (dynamic 
feedback condition). In addition, the dynamic and static conditions of 
learning were compared under conditions of normal orientation and 
inversion of feedback. Four groups of 7 subjects each separately prac- 
ticed one of the four sensory conditions used. Dynamic feedback con- 
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ditions gave the highest level of performance throughout the learning 
Period. In this condition, the dynamic upright condition was superior 
to all other conditions. Time of performance was lowest for the dy- 
namic upright and static upright condition. A slight negative effect of 
Practice was found in the static upright condition. Normally, these 
differences would be exaggerated in favor of the dynamic condition 
Pecause it is not delayed, whereas the static conditions of feedback 
are always delayed. Results of the experiment, which represents just 
Опе example of several studies that have been done in this area, fully 
Confirm the view that there are different sources of movement-con- 
trolled feedback in learning and that the immediate dynamic sources 


are the most significant for determining acquisition. 


У PERFOR) E I 
D. STIMULUS SELECTION IN MOTOR PERFORMANCE AND 


LEARNING 
fines motor performance and 


An experi al systems theory de 
earning woe ae of stimulus selection and control 
which are generally involved in behavior. In this view, perception 
and motion are one and the same thing: both involve response control 
of stimulus selection and input. The terms motor skill or psychomotor 
skill generally have been used to depict more overt levels of stimulus 
Sedback selection (Fig. 1с), which may involve at least -— ei 
Neural activation and regulation of receptor sensitivity, gui vni 
Teceptors, and dynamic control of stimulation that are norma i ipa 
Volved in motor performance and learning as well as in perceptual ac- 
tivities, | | 

One issue raised by a systems concept of stimulus musei. is 
Whether the primary functions of determination of receptor sensitivity 
and orientation are feedback controlled. A number of critical experi- 


ments have indicated that these functions are in fact based on closed- 
f the retinal image indicate 


loop regulation. Results of stabilization о 7 ые 
that periodic flick movements of the eye are require о т: а "à 
Sitivity of the visual system to continuous stimulation, and that when 
al s "ee ге 
these movements are eliminated by image stabilization, the system 
quickly adapts to incident illumination. ; m | 
Another experimental example (K. U. Smith, 1966b) has suggested 
that visual orientation is regulated by feedback control. This experi- 
ment consisted of mounting a small dove prism on a scleral contact 
lens, which served to invertor reverse visual feedback of eye move- 
ment itself. The effect of wearing such an ocular prism was to cause 
Skittered vision or continual jumpy movements of the eyes, with cor- 
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responding unstable control of se 
one can tolerate Wearing the prisr 
brid-computer inversion 
confirmed the findings of 

These experime 
that effective coor 


as 
eing. This effect persists as are 
m. Experiments carried out with z ve 
of stimulus feedback of eye movement ha 
this optical study. -ove 
nts on dynamic control of stimulus selection ains 
dination of motion and receptor input during lea j8- 
ing depends on normal feedback compliance between receptor Ша 
ments and receptor input. When such dynamic motor-sensory pe ji 
and temporal compliance is lacking, sensory input cannot be соого 
nated with more generalized motor activities of the body. 


E, SELF-GENERATED ACTION IN MOTOR LEARNING 


al differences between traditional assoc nee 
and reinforcement theories and a systems doctrine of learning is гер” 
resented by the distinction between open-loop, environmental deter 
mination, and closed-loop, self- senerated regulation of movement an _ 
learning, In accounting for learning, traditional ideas stress environ” 
mental determinism by open-loop association between different re- 
sponses or between stimuli of different responses. Systems doctrine 
states that one of the most critica] determinants of learning is the de 

gree of self-governed action that can be imparted to the learning situa’ 
tion. Constraint on continuous, self-regulateq control of action durin& 
learning constitutes a major stress factor leading to fatigue, boredom, 

otivation, 


satiation, and loss of m as well азд discoordinating effec 
which impairs motor-sensory interaction, 


Newly developed hybrid, real-time, ] 
have created an entirely new level of 
search on the self-governed systems det 
5 illustrates how the components of a hybrid-computer laboratory 
have been arranged to explore the feedback factors of learning anc 
performance in a great variety of motion and physiological systems 0 
the human body. The central parts of an analog-digital-analog com- 
puter system have been related to nt 


4 ппегоцѕ Specialized experimental 
stations for research on feedback factors in learning eye movement 
tracking, head movements, visual-manual motion, speech, posture. 

action. These motor-sen- 


brain rhythms, breath control, and cardiac 
sory mechanisms involve continuous response regulation of sensory 
analog sector of the bimodal 


One of the most critic jative 


systems 

aboratory computer e 

experimental science in re 
М i i Р 
erminants of learning. Figt 


input and are studied by means of the 
computer system. | 
In addition, the laboratory is designed so th 


at the same computer 
setup can be used to control motor- 


Sensory interactions in learning 
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multiplexer 


ШЇ 


ntand conversion, control, 


tioning equipme 
stem. 


Fig. 5 
and act Experimental stations, signal condi 
uating components of the hybrid-computer sy! 


че movements, as shown on the right in Fig. 5. Experimental sta- 
oe Study of discrete mechanisms include typewriter, keyboard 
ee us keyboard-light-cell devices, and apparatus to study hand- 
Аа э Seong hon; object manipulation а EA motions: 
tic доо of the laboratory are shown on the P tin Fig. 5, while 
uti bom i or digital parts are indicated on the rig ht. The second col- 
analog in de left describes signal conditioning equipment used with 

puts and outputs. The central part of the laboratory is indi- 
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cated by the analog-digita] 
used with the analog 
control modules for th 


А ipment 
and digital-analog conversion ашын nal 
components and by the external command 4 
e digital experimental stations. 

F. AUTOMATION oF FEEDBACK DESIGNED EXPERIMENTS 
The diagram in Fig. 6 illustr. 


| nans were 
ates how experimental operations 
performed with the hybrid-c 


А Е on 
omputer System. In an pee oy 
breath-control motion, the subject viewed the action of an ose 


X -subjects 
graph cursor which was actuated by breath pressure. The subjec 
breath motions were tr; 


а strain-gage pressure sensor n 
the electrical analog of the movements amplified. They were the l 
sampled, converted to digital form, and their digital voltage = 
ital converter. These measured digital “i 
digital computer and programmed for 9 
als were then reconverted to analog form bY 


> oscil- 
ter and amplified and used to drive the uso 
lograph feedback display which the subject viewed. Comparable ё? 


imental n > ; сап 
perimental computer control of discrete input-output operations Ct 


be achieved by the computer system for many different types of be- 
havioral-physiological feedback systems 

An experiment on breath contro] illustrates how the laboratory 
computer system shown in Fig. 6 [c 
generation of movements in ] motor skills, such as those usec 
in musical instrumentation This i iy: 
vanced real-time co 
senta new level of 


The sign 
the digital-analog conver 


mputer Systems 


à 5 of the sort just described repre 
experimental ; 


> ^ research 
! И ^ automation of al] aspects of researe 
operations in learning and training. The Subject's breath-pressure 
movements were transduc i 


‘ electrica] 
strain-gage pressure se 


nsor which w 
The breath-pressure 


signals were th 
and experimental programming 
as an oscillograph feedback sour 

This experiment was designed to : at extent prac- 
tice changes the continuously gener; s of magnitude, fre- 
quency, and velocity of move characterize continuous, 
self-generated control of sensory feedback during learning. The com- 
puter system was programmed to automate al] aspects of the observa- 
tions on individual subjects. The oscillograph record in Fig. 6 indi- 
cates the different types of experimental Programming used and how 
the different programs affected the feedback display which the subject 
observed . In controlling his breath pressure, the subject viewed the 
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| . ;ee the 
response line on the left of the oscillograph record and did not see 
remaining parts of the record. This line re 


: ariations in 
the breath pressure ata constant level or in compensating variatio 
feedback which were і 


. > i e 
the subject's performance, The response line to the far right ced 
sents velocity of the reath-contro] movements, as obtained by 1 


à < А ivative of the 
System in computing the first derivative 


ated to the oscillograph feedback display M 
menta] automation used in the experiment. Eac ; to 
icated required а distinctive program. In addition i 
these program-controlled, automated Operations, the system also ps 
and digita] Signals on magnetic tapes and d! 
nan oscilloscope, | ing (К. 
А іп i РИ ing learn! "н 
U. Smith, 1966b) indicated that the mela bei аа се learning 15 
continuous, self-generated activity, and that learning proceeds 1? 
terms of change in this pro uctive regulation of response. This Se 
produced activity Consists of oscillatory movements of differen” 
frequency and Magnitude. With Practice, magnitude and frequency 
radually changed. The recor 


г Ives 
ol of breath pressure invo 
at occur in learnin 


continuous control movem enerally reduced. However, мё 
have observed marked individua] differences in the pattern of velocity 
changes (K. U. Smith, 1966b). In so 

closely associated with improveme 


Р г 
X : nt in contro] accuracy, but in othe 
cases no such relationship could be seen, 


G. FEEDBACK DETERMINANTS OF PHYSIOLOGICAL MOTIVATION 
IN LEARNING 


In classic thinking, physiological motivation of motor learning is 
supposed to be produced by conditioned derivation from physiologi- 
cal drives, which serve at some stage of acquisition as a basis of re- 
ward reinforcement by drive reduction. This centrifugal concept of 
physiological drive always has been Suspect because it attempts to 
reduce motivation to episodic drive states of hunger, thirst, and sex, 
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ar 

deli it contains no specification of the known dynamic roles of 

cardiac d or activity in regulating energy exchange, respiration, 
у: d and metabolism. | | 

Sensory Per researches have been done on physiological motor- 

eraction in learning (К. U. Smith, Putz, & Molitor, 1966). 


On 

eo es Se wpe 

i f these compared the extent of learning in visual-manual track- 
onditions. Two types of per- 


Ing 
ellis ани and perturbed c ns. T s of p 
Signa] w, WET compared. In one study, the subject s own respiration 
tee iut iain with his hand motion signal. In the second, the 
tude Pin cin generated a perturbation wave of the same magni- 
at subi requency as the subject's respiratory cycle. Results showed 
ubjects learned to control the respiratory perturbation ata higher 


eve 
l of precision than they governed the computer-generated exter- 
types of perturbation was less 


Nal 
Sree ati, Tracking with both Decem de 
e thre han nonperturbed performance. The m rpm meer 
isplayed conditions of perturbation ора a e i ed a 
Sugestie, the differences in levels of accuracy justin ы E А his m 
atore that the primary determinant of the leaming чаг а ves к 
каш. feedback interactions involved in the is s, not | 
Specific p physiological perturbation and тонуанша 88 м “i 
signifi = in a reinforcement model. Overall, the resu ts Mec a : 
e беш. human factors consideration in any [сайн й uation ausi 
effecti extent to which the devices and conditions of learning permi 
ve integration and control over internal organic functions that 


can er nce 
Di 
I turb performar g 


were com par: 


IV. Response Guidance in Motor Learning 
st theories of motor learning is 


One of the major limitations in pa i П 
out the guidance mechanisms 


that 

they contain no ideas whatsoever ab ане 
to believe that association and 

d space guidance to 


of 
stings response. We are supposed — Em 
movem ment processes impart direction it, праи a ТЫ 
assum ms and govern the mechanisms О irec "p жү . is 
there ption of past learning theory has been negated by fin ings that 
sieh ai a number of fundamental directional stereotypes in behavior 
namel always precede learning. The observations described earlier, 
нев" that the eye operates as а direction-specific motor-sensory 
that ma: negate almost all claims of reinforcement leaming theorists 

mmalian behavior has no form OF pattern prior to learning but 


сап be “ M 
Shaped" by reinforcement. 
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A. THEORY oF DIRECTION SPECIFICITY OF RESPONSE 


A cybernetic concept of le 


я н ehavior 
arning is based on the view that beh: 
mechanisms are always dire 


ctionally controlled, both before m 
ing learning, However, the servomechanism (Wiener, 1948) 89) have 
mational engineering or sampled-data models (Ashby, 196: ; n ine 
attempted to reduce this directionality to time sampling factors tion 
formation exchange between external stimuli (targets) and pere T don 
in detecting and governing error. In reinforcement theory, rec ‘oh ine 
of tracking error is Supposed to act as knowledge of results whic 
duces a drive-reduction reinforcing effect. shy- 
In our view, cybernetic doctrine was incomplete until a pud. ae 
siological Concept of response guidance was developed throngs on 
perimental research on tracking (Lincoln & Smith, 1952) anc ith, 
space-displaced Sensory feedback in behavior (K. U. Smith & om тё 
1962). This work indicated that al] movement systems of the body e 
intrinsically direction-speci fc. 45 neurogeometric control syste! i 
which can þe modified in their directional control through learning: jn 
The beginnings of à spatial or neurogeometric theory of directic 


d at clas- 
Specificity in beh d with the recognition that cl: 
sic studies on inve 


sent an historical Баск "urrent research on feedback Art 
in perception and motion (К. U. Smith & Smith 1962; W. M. Smit » 
Smith, Stanley, & Harley, 1956). This past research on displaced e 
sion indicates that ind never really adapt to inversions and 
reversals of vision ina completely normal Way, and that partial re 
tion to spatial distortions of visual feedback requires long periods = 
hs of practice and exposure, A survey of all the lit 


erature on this subject (K. U. Smith & Smith, 1962) brought out the 
fact that capability of compens 


: : cron 
ating for Space-displaced visio 
through compound movements is absent in invertebrates and verte 
Р T s 1n 
brates below the mammals, but has been expanded in limited ways i! 
lower mammals and primates, 


A systems theory of direction s 


ividuals can 


+ : . 1 7 
Decificity in behavior and learning 
has been developed through extensive research on different condi- 


tions of inverted, reversed, and angularly displaced visual feedback of 
different body motions. This theory refines the general doctrine that 
learning is determined by particular Properties of sensory effects ud 
dynamic movement, and states, in particular, that the effectiveness 9 
both self-generated and external stimulus patterns in guiding о 
depends directly on the spatial compliance between movement an 

sensory input. Two postulates of this theory are indicated in Fig. 7— 


i.e., the concepts of critical ranges of angular displacement in guid- 
ie., 
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curv! 
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jificity of axes of movement and 
à shows the postulate that guid- 
every motor-sensory system 
ges of angular displacement 
a indifference range in which 
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„ement 
there is no detection: (2)a direction-specific range in which mov put 
can be guided without disturbance before and during leaming e 
(3) a breakdown range in which movement is interrupted and ee 
guided as discrete or irregular movements. In the breakdown ame 
the amount of learning needed to integrate movement and sen: 
input depends on the magnitude of displacement. t states 

The postulate of direction specificity of axes of displacemen pue 
that the effects of different directions of disorientation vary as а rol o 
tion of the body axes affected. That is, axes of motor-sensory eig the 
perception and motion generally are related to postural control x the 
vertical and bilateral transport regulation of the horizontal axis * vior 
body. It is assumed that such intrinsic direction-specificity бераз 
determines reaction and adaptation to particular conditions of inya i 
sion and right-left reversal of sensory feedback in motion. In m о 
the theory Specifies that inversions affect precision and exten 
learning more than right-left reversal of feedback. 


ay ACK 
B. DETERMINATION OF LEARNING my SPATIAL | FEEDB?^ 
FACTORS 


Figure 7 also illustrates laborator 
been used to test the validity of the conce 
and guidance of response i 
ods used are like those shown in Fig. 
specially wired television camera to 
reverse the visual feed| 


ici neth- 
aboratory television! ра 
З and depend on the mers xw 
angularly displace or invert 4 


i N ions 
pack which a subject gets from his own motio ts 
in tracing stars or doing other tasks. The camera views the movemen 


its.diveut ; invart 

made and its circuits can be switched to invert, reverse, or both inve 
i " yu- 

and reverse the visual feedb: bject’s movements. To angu 


larly displace the visual feedl; vement, the camera is movec 
to different positions around the performance situation, thereby E 
effect changing the location of the subject’s eyes in space in viewing 
the task area and his own hand movements, 

Figure 7(c) and 7(d) illustrate results of two major researches on ш 
effects of axial and angular displacement of the televised feedback 9 
responses. In the first study, the pattern of visua] feedback of star 
tracing motions was inverted, reversed, and both inverted and re 
versed, and the effects of these displace 


ments compared with nor- 

ally oriented feedback. The four learning curves shown in Fig. 7c) 

0 е the results of this comparison. In exact keeping with theoretical 
giv Е 


tations, the inversion condition disturbed Star-tracing perfor- 
expect: 5, 
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d the most learning to reapproximate normal 


Man 
ce most 
st and require 
aversion and reversal were 


Perfo 
rm. ^ А 
next and on The effects of combined it 
Xt and M А 
those of reversal of effect were по different from normal 


orientati 
tion of the televised feedback. The less-marked effect of the 
as compared with that of 


Combi 

f теа i -— ^ 

Inversic d inversion and reversal condition, 

sion alone 3 

gural тад, сап be understood by the fact that the relative con- 
elations between the vertical 1 horizontal axes of motion 


Were not and 
о is r 

reversed disturbed when both axes of motor-sensory guidance were 

sed. 


The 

дыкан in Fig. 7(d) illustrate 
ject was B target location motio 
ranged in quired to touch a series ofs 
moved to i irs plane facing the camera, 
earning сү = different displacement angles. | ue inem 
isplacen irves varied in an orderly way as à function of the angles О 
nent, much as predicted by theory. Generally, the zero angle 


of di 

displac. i 
Placement had only limited effects on the duration of move- 

shereas the other angles impaired coordi- 


mente i4 ts 
ie ee the targets, W 
liése ber after 5 days of practice. 

Major iny a experiments have been augment 
of the Per mi Man which proved that all the ) been : 
Various t y—eye movements, head movements, pos e benc 
ject ma DS of hand motion including handwriting, — ob- 
guided nipulation, and panel-control motions — were irectionally 
and specialized in terms of critical ranges of angular displace- 

f movement- 


ment 
and direction-specific axes of displacement 0 
movements, such as eye move- 


Produc 
aes sensory feedback. Some mer e bos 
accurac ond very small critical angles of disp ке eyond whic 
asis m of movement guidance is seriously impaired on a permanent 
Wiis HH the possibility of compensating the с of апу 
articulated range of angular displacement depen: s on the number of 
reorientin, dimensions of movement control which are available for 
Sidene i. and governing the displaced sensay input. Additional 
tegrated ontas that all binocular and bilatera e aie are in- 
laterally = terms of displacement of differences in stimulation on bi- 
ymmetrical points on the body. 
the hundreds of thousands of distinct 
dual can learn and perform in skilled 
musical, artistic, object ma- 
ialized in ontogenetic devel- 
n-specific responses. These 


the comparative effects of angular 
as. In this experiment, the sub- 
mall metal targets that were ar- 
and the camera was then 
Results showed that the 


ed by at least ten other 
main response systems 


In : 

a sys 

motion T а approach, 

athletic, Sent the human indivi 

iia Di orientative, speech, 

opment a Tee social activities are SP€C 
nd adult learning as directio 
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movement patterns are based on detection of relative, dynamic space- 
displacement of movement and sensory input, and on detection of rel- 
ative space-displacements of sensory input in bilateral activities, This 
view has been tested by measuring the number of significantly differ- 
ent, direction-specific movements which are created by 
of eight directions of movement in star tracing 
ditions of inversion and reversal of feedback 
Results (K. U. Smith, 1966b) 


tion of the assumptions used 


a combination 
and four different con- 
of these movements. 
of the study gave a complete substantia- 
in setting up this research. 


V. Temporal Feedback Determinants of Learning and 
Memory 


In traditional doctrine, learned behavior is described in terms 


of time association between discrete stimulus-response (S-R) 
by time linking of a discrete response to be learned 
ing aftereffect (reward or drive-reduction effect). 
unit hypothesized in such views is 
cepted by learning psychology but 


sensorimotor process, Moreover, the determinative temporal contigu- 
ity between Tesponses that is assumed in such theory cannot be 
exactly defined and is interpreted in different ways in particular rein- 
forcement doctrines, More importantly, the temporal interval be- 
tween a response and the stimuli generated by that response — that is, 
the feedback interval— is not recognized in the S-R model. Thus, an 
important area of cybernetic research — the study of feedback timing 
and its role in learning—has never been defined or investigated in 
conventionalized S-R learning research, An experimental systems 


study of learning is based prominently on the investigation of feed- 
back delay, intermittency, and 1 


ue other closed-loop timing factors in 
acquisition and memory, 


units or 
and some reinforc- 
However, the S-R 

a conceptual entity which is ac- 
which has not been analyzed as a 


A. DELAYED FEEDBACK AND LEARNING 


Cybernetic research on delayed feedback h 
in shedding new light on the determinati 
tor learning. In its real-time analysis, such research has defined new 
ways of measuring and specifying the Meaning of temporal variations 
such as delay and intermittency in controlling feedback patterns, and 
by analyzing such temporally organized characteristics of feedback 


as been most important 


ve time factors of sensorimo- 
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systems as clocking, time marking, memory recording, and feedfor- 
ward-control processes as critical determinants of learning. 

By feedback delay we mean a temporal lag between a movement 
and the controlling sensory feedback that is generated by the move- 
ment. Delayed feedback is a feature in most categories of machine 
automobiles, aircraft, tractors, and high-speed 
n or momentum of the machine intro- 
and perceived action 


performance, such as 
implements, where the desig 


duces a lag between the operator's movements 
of the device. Delayed sensory feedback can be produced experimen- 


tally by interrupting the controlling feedback loop in a closed-loop 


performance situation. 


The effects of delayed feedback on p 
first noted in studies of military tracking systems during and subse- 


quent to World War II, when it was observed that transmission lags 
were detrimental to performance accuracy and learning. In another 
type of experiment, Lee (1950) used a dual magnetic-tape recording 
and playback system to delay the auditory feedback of speech and 
other sound-producing motions. The critical issue of learning science 
raised by research on feedback delay is whether real-time factors 
defining the motor-sensory interactions within a response system ac- 
tually determine the rate and course of learning in a significant way. 
The assumption is that if they do, such factors take precedence over 
time relationships and undefined contiguities between responses as 
determinants of learning (K. U. Smith, 1962). | 
Figure 8 describes use of the memory circuits of the hybrid- 
computer system as a time machine to control the feedback delay of 
different motion systems of speech, breath control, and visual-manual 


tracking. In these experiments, the different motor responses ofa sub- 
e sensors and the electrical 


ject were transduced with appropriat 
analogs of these movements amplified and sampled by the analog- 
digital converter. The digital computer selected the sampled input 
Signal and, according to a special program, stored this input signal in 
memory for a predetermined period of time. After this programmed 
variable delay was put into the signal, it was outputted to the digital- 
analog converter, deconverted to dc form, and displayed asa visual or 
auditory delayed feedback of response to the subject. Using special 
Programs, many different delay values can be introduced into the 
closed motor-sensory loops of the different responses and the effects 
Оп learning and performance investigated. | 
Oscillograph records of three subjects shown to the right in Fig. 8 
£ive an overall idea of the comparative effects of feedback delay on 
different motor-sensory systems. Delay values in seconds are given in 


erformance and leaming were 
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Fig. 8. Comparison of the effects of feedback delay in different motion systems. Left: 
Techniques of using the hybrid-computer system as ^ 
machine for comparing effects of feedback delay on movement error and rhythm of 
different motion systems. (Based on K. U. Smith, 1965.) 


a universal, real-time laboratory 


the column to the left. As indicated by the m 
each of the records, increase in 
decrease in 
affected just 


agnitude of variation in 
delay magnitude produced a marked 
accuracy of the responses measured. Breath control was 

as much as visual-manual tracking. Increase in delay 
magnitude caused a change in the basic rhythm of each movement so 
that the dominant wavelength was increased in duration as the delay 
value was increased. This finding underlies our view that the rhythm 
and synchronism of continuously controlled movement, including the 


rhythm of respiration, was determined by closed-loop delays involved 
in the different reactions. 


Observed effects of feedback delays indicate th 
ing actually occurs in most response systems w 
longer than 0.4 second, or if limited learning occ 
unstable. These and other findings indicate that 
of the body is specialized in terms of the tempo: 
ances that regulate it. Speech and eye movemen 


at little or no learn- 
ith feedback delays 
urs, it is likely to be 
every motion system 
ral feedback compli- 
t tracking display the 
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most distinctive closed-loop temporal characteristics. Speech is af- 


fected most by temporal lags around 0.2 second and less affected by 
lue. Eye movement tracking may 


delay values above and below this va 

be seriously impaired by feedback lags of 0.1 second or less. The gen- 
eral rule is that the more accurate and precise the motor-sensory 
system, the more it is affected by small magnitudes of feedback delay. 

Studies of feedback delay effects in learning substantiate the view 
that intrinsic, motor-sensory, feedback timing is a far more significant 
determinant of learning than the so-called association, conditioning, 
and reinforcement intervals which have been studied in traditional 
learning theory. First of all, the magnitudes of feedback delay which, 
to all intents and purposes prevent learning in precisely controlled 
motion systems, have no counterpart in past learning research. 

The effects of learning with a feedback delay of a given magnitude 
may be manifest as positive transfer effects in responding to sensory 
lags of lower magnitude. Such transfer effects may be evident even 
though no consistent learning was observed with the longer delay 
values. No positive learning transfer effects have been found between 
practice with small delay magnitudes of less than 1.0 second and sub- 
sequent performance with longer delay magnitudes. | | 

A highly significant factor in learning with feedback delay is the in- 
sidious, unseen, and unexperienced effects of time lag on reaction an 
perception. No matter how experienced and sophisticated the subject 
in the delayed reaction experiment, effects of the time lag remain sub- 
tle and hidden. A subject can never grasp and predict what is going on 
and what to do about it. Anticipation and feedforward projection of 
response through learning and memory are possible only when the 
Space and time factors in feedback control are compliant with one an- 
other. When spatial factors may be used to guide and mark response 
over time—i.e., to encode time—the effects of feedback delay on 
learning and feedforward prediction in response are minimized- 


B. FEEDBACK DELAY AND INTERMITTENCY IN LEARN! G AND 
MEMORY 

In an experimental systems concept, learning and = are intet- 

related as dynamic feedback and feedforward contro! processes. 

Memory is more than a static storage mechanism which a possi- 

ble recall or recognition of past perceptions and movements. Its more 

significant dynamic property consists of time spanning on-going 


€vents of perception and motor response and projecting these events 
ontrol of movement. According to this 


into the fut vedforward с 
ure by feedfi rged and was refined first in evolution 


dyn i 
amic theory, memory eme А 
"pida cui ‘of neural coding for feedforward guidance of posture, 
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locomotion, and orientation movements. In the vertebrates and man, 
these time-spanning and feedforward regulatory mechanisms of learn- 
ing have been extended to productive control of articulated move- 
ments and to formation of long-term memory based on encoding of 
time by use of tools, architecture, and symbols. 

Experimental systems studies of memory have been carried out by 
using hybrid-computer methods to produce delay and intermittency 
in the sensory feedback of response during both learning and dynamic 
recall. This research was based on the concept of investigating learn- 
ing and memory as visual and visual-manual tracking processes. As 
indicated in Fig. 9, subjects either manually tracked or observed by 
visual tracking the action of an oscillograph cursor whose motion was 
controlled by a computer-generated signal. When this path had been 
tracked or observed for 15 seconds, the subject was asked to repro- 
duce the stimulus path by operating a small hand control that trans- 
duced the handmotions by means of a strain-gage sensor. This 
dynamic reproduction of the observed path was made under two con- 
ditions— i.e., under variable conditions of feedback delay and inter- 
mittency. Five temporal delay and intermittency conditions, 0.0, 0.2, 
0.4, 0.6, and 0.8 second, were used. ` 

The experimental design also varied the persistence or operational 
record of the observed stimulus pattern during learning. Two experi- 
ments were done to encompass the different variables. In the first or 
BED ay experiment, using a repeated-measures design the order of 
persistence conditions was varied by subject among 12 subjects who 
practiced for forty 15-second trials. There were five trials under each 
display condition for each learning mode, where learning mode refers 
to the procedures of visual tracking and visual-manual tracking of the 


stimulus pattern. In the second experiment, the five conditions of de- 
layed and intermittent feedb 


| varied їп a random way by sub- 
jects among 16 practiced subjects. zd 


pattern was visually tracked than 
when it was manually tracked. Ov. Are e 


erall, error level inc about 
300% when the persistence of the displ кеша Буны 


DD ày was varied between 0 and 

Error in reproduction of the observed or 
varied as a linear function of both intermitte 
There were no significant differences betw 


tracked stimulus pattern 
ncy and delay magnitude. 
een the two temporal vari- 
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tems study of memory as an interacting dynamic feedback 


` (Based on Sussman & Smith, 1967.) 


Fi 
ars 9. Experimental 
and feedforward process 


ables in affecting the reproduction of the stimulus pattern. Error level 
in reproduction increased by about 250% between 0.0 levels of delay 


ш intermittency and the maximum times of 0.8 second. Mode of 
earning had no differential effect on error level of reproduction under 


the intermittency and delay conditions. 
meee results point up the fact that all aspects of motor learning and 
emory can be studied as interacting dynamic processes of feedback 


am feedforward control of behavior. The findings confirm the belief 
i learning and memory function as time-spanning mechanisms, 
ka ich depend heavily on the spatial persistence of the operational or 

served stimialus pattems. There а?8 definitely two dynamic ways of 
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learning—i.e., by sensory or perceptual tracking, and by overt motor 
tracking. Either can produce highly accurate reproductions of stimu- 
lus patterns through dynamic motion. Feedback delay and intermit- 
tency affect feedforward control in dynamic reproduction of stimulus 
patterns just as they influence other more generalized forms of 
learned response. The main conclusion is that both learning and 
memory of motor skills can be comprehended scientifically only when 
they are more extensively investigated as time-spanning control pro- 
cesses in both perceptual behavior and overt activity. 

The findings just described represent an experimental evaluation of 
the meaning of the intermittency phenomena in accounting for motor 
behavior. The intermittency hypothesis (Craik, 1947) holds that be- 
havior is basically an error-correcting discrete process that depends 
on sampling external stimuli. Although the intermittency hypothesis 
has been given great prominence by traditional perceptual and learn- 
ing theorists (Bertelson, 1966), and b 
binary, sampled-data theory of visu 
tracking (Young & Stark, 1963) 
actual real-time methods for co 
trol of se 


y informational engineers as a 
al-manual and eye movement 
; its proponents have not developed 
ntrolling intermittency in motor con- 
nsory input. To evaluate past theory in a direct experimental 
way, we have created a number of experimental feedback methods for 
analysis of intermittency in behavior, such as those described above. 
Research on performance and learning with these exact methods of 
computer control of real-time intermittency has indicated that there 


are many modes of dynamic intermittent variation in feedback. These 
include periodic blanking, 


rupting, differentiating, or transforming the feedback of response. 
The concept of some kin 


motor response is meaningless from a 
standpoint, 


VI. Determin 


ation of Learning in Implemental 
Behavior 


and Social 


Figure 10 illustrates the beh 
tor-skill learning in implemental a 
that the amount and rate of learni 
and social motor skills are dete 
tween the motor and sensory circuits of an indiv 
of implements which he uses, as well as the beh 
uals which are interposed in his motor-sensory 


compliances be- 
idual and the design 
avior of other individ- 
circuits, Instrumental 
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Static operational feedback loops 


feedback 


Dynamic 
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Ni 
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f learning instrumental re- 


; E Ы ination о! 
Fig. 10, Behavioral cybernetic theory of dnce sed SE revesáli common ts 
5ponse ar doe f a) A tool or mac! hine 15 > z i n 

Se and social tracking. (a) A too P b) Diagram illustrating 
à master or control sector, an actuator sector, and a slave sector. (b) E g 


le rether in a mutual feed- 
Social king in which two organisms are locked or yoke d together in a mutual feed 
back Circuit. (Based on K. U. Smith, 1967.) 


and social behavior are closely related ppchaphysioloagiea ir In = 
Strumental behavior, the individual becomes feedbac yoke pm 
?r machine to govern his sensory inputs. In social behavior, he be- 
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s feedback yoked to movements of another person to guide as 
е vements and to govern his sensory inputs. In this systems 
ae instrumental and social behavior have evolved in man as 
closely related, interlocked modes of structuring and controlling the 


environment by tools, machines, architecture, social forms, and lan- 
guage. 


A. DETERMINANTS OF INSTRUMENTAL LEARNING 


are generally 
ign of implements in conforming to the motor 


human and instrumental design 
tool or machine, 


Implements alter the status of human le 


arning because they intro- 
duce special modes of tr. 


ansformation of feedback control into motor- 
s by changing the feedback compliances which 


10a, a tool or machine may be considered as 


ral components —a master ог control sector, an 


lave sector. The master component is attached 
т system and mu 


at are operated on, 
rator's receptor systems. The 
transforms the actions of the 
lave action. In complex machines. it serves to 
iltiple Tesponse contro] to effect slave action, 


and must be compliant with the Way that these multiple effector ac- 
tions of the operator are normally integrated. 


Various technological devic 


but with the dynamic 
actuator section of the 
control mechanism to s 
integrate sources of mu 


actions of the ope 
tool or machine 


Parameters of normal 


one or another dimension of control. Com- 
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pound machines amplify one or another dimension of control in order 
to automate and magnify all dimensions of feedback control. 

Studies on the human factors in learning and performance on com- 
plex machines have been carried out in design research on various 
types of anthropomorphous machines. Anthropomorphous machines 
are man-like manipulators, walking machines, eye movement ma- 
chines, head movement implements, and exoskeletons which pre- 
serve in exact ways the space, time, force, and signal feedback compli- 
ances of the motor-sensory systems to which they are attached while 
amplifying the power of the system to exert force or to control space 
and time (Mosher, 1965; K. U. Smith, 1966a). Thus manipulators have 
been built which expand the reach and power of the human arm by 
several times while still giving the operator a delicate sense of the 
force needed and of the space displacement involved in manipulating 
lethal materials at distances 30 or 40 feet removed from the body. 
Tests of effective design of such machines have clearly demonstrated 
that the amount of learning needed to become efficient in their opera- 
tion is dependent almost entirely on the extent to which the machine s 
main components comply with the normal force, space, time, and sig- 
nal feedback characteristics of operator motion. When such compli- 
ance is achieved in design of a machine, complex operations with the 
implement can be learned in a matter of minutes. | 

Research on anthropomorphous eye movement machines has been 
carried out to determine the human factors in design which are re- 
quired to effect integration of continuously controlled and со 
Movements of a perceptual system such as the eye (K. U. ану 
1967). Effective design of perceptual machines follows the same 
basic rules of feedback compliance and integration as hand-controlled 
implements. Studies of this eye movement machine indicated ier 
feedback delay can interfere just as seriously with the €— o 
Perceptual machines as it can in the learning and control of other im- 


Plements. 


B. MOTOR LEARNING FACTORS IN SOCIAL TRACKING 
ack approach, social behavior of man and 
detail and organization by a special- 
ized form of tracking, called social tracking or biosocial ссе 
Such tracking is not simply a discrete response of one animal to an- 
other which serves as a stimulus. Rather, as suggested in the diagram 
in Fig. 10b, two organisms become locked or yoked together in a mu- 
tual feedback circuit so that the motor response of one serves as a stim- 
ulus analog for response-controlled sensory input for the other, and 


In the experimental feedb: 
animals is achieved in all of its 
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ia rsa. The two individuals thus become locked together by 
мон hes "n motor-sensory feedback circuits much as the action of 
dea individus? s hand can be yoked in a closed control circuit with the 
eye movement system. When mutual motor-sensory yoke : 
two or more individuals are established, they can follow and track one 
another through sustained activity as a closed social system. Accord- 
ing to this theory, all significant social behavior, including reproduc- 
tive activities in animals, sexual intercourse, communication, emo- 
tional expression, parent-child interaction, teaching, and the various 
forms of grouping, are basically motor-sensory skills based on social 
tracking. In the present view, all forms of competitive interaction also 
are based on social tracking. 

The challenge faced by experiment 
behavior is to comprehend theoretical 
organization and the vast detail of hu 
substance to the overall social patter; 
imental systems concept of social 


enigma of biosocial behavior. The first issue raised by this point of 
view is whether particular theoretically guided experimental models 
of social tracking can be established, and whether performance and 


learning in such tracking follow the rules of feedback guidance and 
regulation, 


umerous experimental stu 
ing in man have now been c 
use of optical, television, ma 
to yoke individuals together in cross-circuited motor-sensory loops so 
that the accuracy of indivi nutually tracking the responses of 
one another c th individually and on a systems 


s follows exactly the theoretical 
construction of socia] tracking behavior i.e., the responses of one 


subject are transduced and their analog displayed as a feedback 
source to the second individua], This second subject tracks these sig- 


nals and his movements are transduced and their analog transmitted 
as a feedback source back to the first subject, By interposing the hy- 
brid-computer syste 5 of feedback variation and 
measurement of the tracking ; Sed social yoke, the accuracy 
of this yoke as a system and of the individual subjects can be mea- 


cally yoked Setups have indicated that chil- 
an perform dynamic 
they can trace or reproduce static 


to yoke two subjects together, it 
and displacements affect socia] tr. 
they do individual behavior. A 


s between 


al science in the study of social 
ly both the elaborate patterns of 
man or animal activity that gives 
ns. Our view is that only an exper- 

tracking will resolve this dual 


vn that feedback delays 
vior and learning just as 


series of major experiments with the 
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hybrid-computer system have indicated that the various modes of pos- 
itive and negative feedback regulation, the different systems arrange- 
ments of the subjects in receiving information from one another and 
from the environment, the kind of individual and systems feedback 
that each individual gets relative to his own performance, the occur- 
rence or nonoccurrence of an indication or error in systems perfor- 
mance, and the magnitude of the feedback delays and displacements 
rson’s tracking determine efficiency of performance 
cial tracking yoke. A definite finding has 
been that effective social behavior is never based on simple stimulus- 
response social chaining, in which the response of one individual ie 
as a sequential stimulus to the second, and vice versa. Alaa 

chaining involves variable feedback delays which preclude ейес Me 
response and learning. To perform efficiently, two or more peop e 
must function as closed motor-sensory systems wherein each perpa 
gets immediate feedback of the social systems performance ips I 
of his own response. Learning in social systems is —— € qe 
same space, time, force, and signal feedback compliances ie ich | ak 
machine action to the individual. Efficiency in social interaction e 
determined by fixed anatomical factors, but by dynamic in pma Ld 
compliances which can dynamically link Bp or more qu. усу са" 
in an organized feedback yoke possessing distinctive sys E ‹ 


and sources of sensory control. 


involved in a pe 
and rate of learning in the so 


VII. Motion Organization in Training Design 
1 systems study of motor skill leads not only to 
learning but to fresh concepts of motion or- 


and rehabilita- 
NES de e -human development an 
ganization and training design for he body, such as 
к stems of the body, such as 
tion. In the present approach, all motion systems of t y, a 


í -é motions, locomotion, head- 
J e ansport move nents hand arm Ma t 
BE mat ie og Ee may be analyzed as multidimensional, 
а 2 


* rs ров "y aa Ў which particular components and lev- 
Closed-loop control systems i ack circuits for 
els of йош аге specialized ag шен end ipo аай 
control, generation, and selection of sensory e wp ET 
closed-loop mechanisms, given motion gueme Ga mem cnn : 
generated stimulus feedback patterns and — p bark Jatt: м 
thent creates directional space ашридашеш їп 8 Le M 
Which are formed and modulated in a particu ч aur be diffa es ially 
to form space-time patterns of sensory input t at шау 9€ 5i «гейша y 
detected by brain cells. It is this space-time patterning of movements 


The experimenta 
a new science of human 
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that determines their learning and their relations and integration эү 
other motions. In the dynamic, closed-loop control of motions, e 
potentials for variable feedback timing are most limited while the 
potential plasticity for variable spatial control is relatively very great. 
Learning and memory function mainly to organize movements on а 
space-time feedback basis by recording the course of past movements 
of perception and motion and be projecting this course as a feedfor- 
ward control process in future action. Mainly, memory in motor skill is 
the retention of the directional specificity of movement-controlled 
receptor tracking and overt regulation of stimulus selection which 


may be used for feedforward regulation of both perception and skilled 
overt movement. 


The experimental feedback methods which h 
the present research to obtain subst 
terpretation of motion and learning 
designs for development of feedba 
mation of learning and instructiona 
ic, television, and computer meth 
described here can be ad 
training des 


ave been discussed in 
antiating data for a cybernetic in- 
also constitute basic instrumental 
ck training mechanisms and auto- 
l techniques. The optical, electron- 
ods used for the detailed research 
apted with minor variations to feedback 
igns in optometry, physical medicine, athletics, the per- 
forming arts, education, rehabilitative training, social training, and 
other sectors of physical behavioral science. This potential for feed- 
back research methodology and the theory of experimental systems 
analysis lying behind it define what we mean by a practice-related 
doctrine of learning and educational design: the same ideas and im- 
plements which can be applied to the analyses of organized behavior 


and learning с: esign and evaluation of train- 


an be used to guide the d 
ing procedures in both education and rehabilitative medicine. 


УШ. Summary 


l. This chapter has defined 
motor learning in which motor-s 
sponses, rather than associ 
between responses 
learning. 

2. Inasystems theory of learning, severa] modes of reactive, instru- 
mental, and dynamic and static feedback factors operate in terms of 
space, time, force, and signal compliances to indicate systems error in 
motor control of sensory input, and thus determine the rate and course 
of learning in motor skill. 


àn experimental systems theory of 
ensory feedback factors within re- 
ative or reinforcement time contiguities 
» are postulated to be the main determinant of 
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3. Experimental systems methods of studying learning include 
electronic, electromechanical, optical, television, magnetic tape, and 
hybrid-computer laboratory methods which can be interposed be- 
tween the motor and sensory mechanisms of responses and used to 
vary experimentally the feedback compliances which determine per- 
formance and learning. 

4. Proof of the multidimensional role of movement components in 
as been indicated by the fact that transport and 


determining learning h 
ts show significantly different learning func- 


manipulative movemen 
tions in a variety of response systems. 

5. Motor learning has been found to be absent in lear 
which dependable feedback guidance of movement fails to occur and 
to be present in comparable tasks in which immediate sensory feed- 


back occurs. 

6. Dynamic feedback has be 
back in determining learning. 
increased many times in ordinary learning situa 
namic feedback is not artificially delayed as it w 
scribed. 

7. Several levels of response-controlled stimulus selection occur in 
both observational or perceptual learning and motor skill learning. 
Integration of these dimensions of selection are necessary because the 
absence of any one of them precludes overall effective motor regula- 


tion of sensory input. 

8. That learning depends on continuous, self-generated production 
of compound movements has been indicated by the fact that hidden 
Velocity and accelerative properties of motion change during learning 
in ways quite distinct from specific amplitude and frequency charac- 


teristics of response patterns. 

9. A new level of multivariate research on learning has been 
reached through design of hybrid-computer laboratory systems which 
can be used to automate all aspects of experimental operations in vari- 
able feedback research on all the major motion and physiological sys- 
tems of the body. 

10. Research based 
logical interaction has indicate 
termination of learning involves t 
external motor-sensory control oft 


Sion and efficiency of external behavior. 
detailed specialization of response in 


11. Overall organization and ed sp t spon 
1 on directional guidance of different 


earning is assumed to depenc L 
Component movements, as produced by relative space displacement 


of movement and sensory input. Studies on learning with different 


ning tasks in 


en found to be superior to static feed- 
The observed superiority is probably 
tions in which dy- 
as in the study de- 


r control of psychophysio- 


on hybrid-compute 
d that a major factor in feedback de- 
he immediate closed-loop effects of 


shysiological perturbation on preci- 
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ditions and modes of space displacement of motor-sensory ase 
e ia iar specialization of response in learning have confirme 
es enm concept of the experimental cy 
о Contrary to classic thinking, the critical temporal factors deter- 
mining learning are those of feedback delay and intermittency Н 
define the temporal compliances of motor response and sensory ар i 

13. The experimental Systems approach to motor learning can ^j 
characterized as a practice-related doctrine in that the laboratory e 
back methods used in this orientation also may be applied in detaile 
ways to new methods of feedback-controlled training in ге з, 
physical medicine, rehabilitation, the performing arts, athletics, an 
other sectors of physical behavioral science. 


bernetic approach to motor 
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CHAPTER 5 


Differential Processes in Acquisition’ 


MARSHALL B. JONES 


The Pennsylvania State University 


I. Introduction 


In an article in the Psychological Review Edgar F. Borgatta 
(1954) announced to psychology and to the world a theory for the 
explanation of all behavior. This theory was absolutely general and 
capable of formulation with full mathematical rigor. Borgatta called it 
the General Theory of Equilibrium, and said: 

This theory states that for a given system composed of two or more elements, the 
4 ill be found that the 


average performance of the elements may be assessed. Then, it w | at th 
Performance of the individual elements may be specified as a direct function of their 
distance from the average performance. Further, if the direction of difference is main- 
tained, the sum of the differences will total to zero. In no case will it be negative. The 
beauty of this theory is that it has fitted all sets of data to which it has been applied. 


Borgatta, of course, was spoofing. Nevertheless, the distinction 
upon which his theory rested makes a difference. Individual behavior 
can always be analyzed into typical or mean behavior and the individ- 
ual's deviation from it. This difference, between mean and deviant 

ehavior, is the root fact from which have stemmed what Cronbach 


1 А м Scie ific arc] ^ " 
Research sponsored by the Air Force Office of Scientific Research, Office of Aero- 
Space Йа, United States Air Force, under AFOSR Contract No. F44620-68- 
C-0072, i 
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(1957) called "the two disciplines of scientific psychology.” From » 
all other differences between experimental and differential psychol- 
ogy are derived. | А 

Any experiment on motor behavior involves at least two experimen- 
tal conditions. The experimental variation may be distribution of prac- 
tice, knowledge of results, the order in which two t 
or many other things, but always there must be mo 
mental condition if conclusions are to be drawn. 

The purpose of an experiment is to determine the effects of the ex- 
perimental conditions upon other vari 
upon them. In the analysis, therefore 
grouped according to the experimental conditions under which they 


were collected; there are always at least two sets of data. The task of 
analysis is to compare these sets of data and to compare them as sets. 
However, in order to make these comparisons the analyst must first 
determine which of the various behaviors that appeared under a given 
condition was characteristic or typical of it. This behavior is always a 
behavior of central tendency; almost always itis the mean behavior. 
For many years psychological tests were called "experiments." The 
usage was incorrect because the administration of a psychological test 
involves a single test condition. It makes no difference how standard- 
ized or how objective the test may be, nor how many tests there are; it 
is not an experiment. From it nothing can be learned about the deter- 
minants of mean behavior on the test. In the administration of one or 
more tests under one test condition, it is impossible to study mean 
behaviors because there is nothing with which to compare them. In 


a aaa testing deviations from the mean are all that can be 
studied. 


By the same token 
iors. To him behavi 
calling them errors 


asks are practiced, 
re than one experi- 


ations which may be dependent 
, the dependent data are always 


, the experimentalist c 


annot study deviant behav- 
ors which deviate 


8 
from the mean are "errors." In 
he certainly intends no reflection on anyone else, 
because they are his errors. Deviations from mean behavior are 


caused by circumstances which the experimenter has not controlled. 
To the extent that they exist the experimenter has chosen to study 


experimental conditions which are relatively unimportant determi- 
nants of the dependent behaviors, 


It must be recognized, of course, that there are many determinants 
which an experimenter cannot control, 


in the narrowest sense of this 
word. Since every experiment must be performed at some time, the 
experimenter cannot manipulate any event which took place before 
the experiment began. He cannot manipulate the genotype of his sub- 
jects, or their childhood experiences, or what happened to them in 
school. An experimenter can only manipulate present variations, and 
not all of them. 
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tea ee mee 
по! 5 ial psychologists. Genetic 
variations and early experience are the essence of their concern. It is a 
mistake, of course, to suppose that these matters cannot be studied 
experimentally. In animals they are, even today. However, in an ex- 
perimental area which works primarily with adult human subjects the 
genotypes and previous experiences of these people are the principal 
source of individual variation within experimental conditions. 

In the study of motor learning the hiatus between experimental and 
differential psychology is slowly being filled; but it is still deep. The 
experimenters are still primarily concerned with mean differences; 
they manipulate conditions of learning, and their results are referable 
to those conditions. The differential psychologists study deviations 
from the mean; they manipulate conditions only on occasion, and 
their findings are referable to events which happened before the ex- 


periment began. 

About these central differences a host of others have accumulated. 
Experimental method is almost always some variety of analysis of var- 
iance. Differential method is almost always correlational analysis. 


Experimental workers think in terms of retroactive and proactive in- 
terference, fatigue, and habit strengths. Students of individual differ- 
ences think in terms of abilities, genetic contributions, and personal- 


ity factors. 

Even the moods of the two disciplines are different. Differential 
Psychology is passive, speculative, and leisurely. Its data are given; 
they are found, not produced. In a burst of activity the differential 
Psychologists make their observations and analyze them; then they 
relax into their armchairs. The experimentalists are active, hard- 
boiled, and harried. Worlds are waiting to be conquered and their 
would-be conquerors perform experiment after experiment in an un- 
dignified scramble to discover them. 

Many people have lamented this division of psychological labor 
and called for a “united discipline” which can speak to Nature with 
a “single voice.” “In both applied and general scientific work,” said 
Cronbach (1957, p. 683) in his presidential address to the American 
Psychological Association, “psychology requires combined, not paral- 
el, labors from our two historic disciplines. In this common labor, 
they will almost certainly become one, with a common theory, a com- 
Mon method, and common recommendations for social betterment. In 
the search for interactions, ме will invent new treatment dimensions 
and discover new dimensions of the organism. We will come to realize 
that organism and treatment are an inseparable pair and that no psy- 


chologist can dismiss one or the other as error variance. 
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I do not despise prophecy, but the existing division will not be E 
ily bridged. It may be that we already have common recommenda 
tions for social betterment, but we most certainly do not have common 
methods and common theories. And it is notat all clear how we might 
go about getting them. Perhaps, we should look for interactions, as 
Cronbach suggests. It may be that parallel labors will not suffice; but it 
may also be that the very parallelism of our labors offers the best 
promise of a dialogue between the two disciplines. | 

In motor learning mean changes occur with practice, within a single 
condition of learning. Since it is misleading to talk of these changes as 
experimental (when no experiment may have been performed), I will 
use the word normative when I wish to speak of them. In this chapter 
normative refers to mean behavior, regardless of the context in which 
it occurs. 

Some normative events are n 


ot subject to experimentation. All 
human beings must walk before t 


hey can run; and it is not likely that 
we will soon arrange things so that running comes first; nor is there 


any individual variation in the order in which the two behaviors are 
acquired. In the sense that I use the word, walking and running are 


normatively ordered. Since all men must walk first and run later, walk- 
ing first is also the mean behavior., 


In motor learning differential changes also occur with practice. 
They occur at the same time, in the 


same place, and in the same sub- 
jects. Because they do, there exists a possibility that there may be rela- 
tionships between the two kinds of events. It may be that there are 
correspondences between normative changes in learning and the dif- 
ferential process that accompanies them. There may be correspon- 
dences between the two kinds of events in the development of motor 
behavior or in training 


e found, they would not explain 
nquiry. They would be empirical 
no more, Nevertheless, science begins with cor- 
respondences. If we can find them in motor learning and motor behav- 
ior, we may find ourselves in need of new methods with which to 


Y we may even need new theory with which to 
explain them. 


II. The Superdiagonal Forms of Practice 


Whatever its theoretical interpretation may be, learning is ac- 
complished through trials of practice. On each trial every subject gen- 
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erates a score; and between scores on any two trials there exists : 
correlation. Since correlation is a symmetrical relationship, a bre im 
all these relationships contains n(n - 1)/2 
correlations, where n is the number of trials. Matrices of this descri “ 
tion play a central role in the differential study of learning. Р 

The first correlational analysis of practice was carried out by Perl in 
rii She used 4 tasks and 20 trials on each task. In order to simplify 

k computational problem, she singled out the 1st, 6th, 12th, and 19th 
trials for analysis. “The intercorrelations of scores on these different 
trials of the same task were computed,” wrote Perl, “and we found 
that for each test they tended to be arranged in an hierarchy, i.e., the 
lst trial correlated higher with the 3rd than it did with the 6th, it corre- 
lated higher with the 6th than with the 12th, and so on. The nearer 
together in the series trials fall the higher the intercorrelations be- 
tween scores on these trials” (Perl, 1934, p. 210). 

Since 1934, this finding has been repeated many times (Adams, 


1953; Edgerton and Valentine, 1935; Fleishman, 1953a; Fleishman & 
Parker, 1959; Greene, 1943; Houston, 1950; Melton, 1947, p. 1022; 
Reynolds, 1952a,b; Viteles, 1933). A study (E. A. Bilodeau, 1952) with 
the Two-Hand Coordination Test is a good example. The subjects 

60 seconds long, with 30-sec- 


were 152 basic airmen; the trials were 
ond rest intervals between trials. The correlations between the eight 


кы of practice appear in Table I. Each trial correlates strongest with 
the trials which immediately precede or follow it. The further we 


Move across the rows (to the right) or up the columns the greater the 
Sequential separation and the smaller the correlation between the 
trials. For example, moving across the third row the correlations are 
-91, .89, .87, .85, and .86. Along the fourth row they are .91, .88, .86, 


tion matrix which sets forth 


Table 1 

STANDARD DEVIATIONS, AND 

IONS FOR THE Two-HAND 
TEST 


MEANS, 
INTERTRIAL CORRELAT 


COORDINATION 
7 8 X o 


5 6 7 


aoue ою 
\ 
© 
© 
25 
л 
> 
~ 
© 
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and .88. In both rows there is an inversion in the last column. The uc 
correlation in the third row should not be greater than .85; nor shou А 
the last correlation in the fourth row be greater than .86. However, 
with these two exceptions, and they are both minor, the matrix is or- 
ganized according to the sequence in which the trials succeed one 
P essi is called the superdiagonal form. It is named after the 
n — 1 correlations between neighboring trials, rj ; . ,, which make up 
the superdiagonal. Each superdiagonal correlation is bottom-most in 
one of the vertical columns. The superdiagonal form is an ordinal pat- 
tern. It requires only that the correlations decrease or remain the same 
across the rows and up the columns. The magnitude of these decre- 
ments is not specified. For example, the correlations in the fifth col- 
umn are .91, .89, .84, and .73. The third of these correlations might 
have been .85, .86, or .87 instead of .84, and the requirements of super- 
diagonal form would still have been met. There is no quantitative law 
which the correlations must satisfy. 
In the superdiagonal forms of practice, however, there is more than 
ordinal pattern. Most of these matrices are ruled by an exact regulari- 


ty, the law of single tetrad differences. This law states that every se- 
quence of four trials satisfies the equality 


Niky Ти; == О (i<j<k<1) 

This law is demanding. For every distinct combination of four trials 
there is a tetrad difference which must approximate zero. Therefore 
there are as many tetrad equations to be satisfied as there are ways 0 
selecting four different trials from the n there are in the matrix. In the 
case of an eight-trial matrix, as in Table I, there are 70 tetrad equations 
which must be satisfied. Two of these tetrad differences are 

"i327 — Тз = .77 X .82 — 7] x .87 = .014 
T2738 — Toga; = .82 x .86 — .82 x .85 = .008 


In the matrix of Table I, the largest of the 70 tetrad differences is .027- 
The average difference, in absolute value, is .010. 

The name of the single tetrad law derives from Spearman’s law of 
tetrad differences. Spearman (1904) worked with another correlational 
hierarchy. It too was ruled by an exact regularity which involved tet- 
rad differences. In Spearman’s hierarchy there are two tetrad differ- 
ences which must be satisfied for every sequence of four trials, instea' 


of just one. In addition to the equality in the single tetrad law, the cor- 
relations must also satisfy the equality 


Tye — Tufi = О (i<j<k<1) 
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In superdiagonal forms generally but most emphatically in the corre- 


lation matrices of practice this second equality is not met. In the corre- 
d equalities is satisfied; 


lation matrices of practice only one set of tetra 
hence, the name. 

The law of single tetrad differences is purely descriptive. No theo- 
involved. There are no unknown quantities 


retical ideas are anywhere 
directly to observed data. 


or hypothetical factors. The law applies 


III. Exceptions to Superdiagonal Form 


The meaning of any generalization is best determined by exam- 
ining the conditions under which it breaks down. A regularity is itself 
a variation like any other, and holds or does not hold according as the 
conditions which sustain it are present or absent. In the case at hand 
we need to discover tasks which do not show superdiagonal form or, 
better yet, learn how to modify tasks so that superdiagonal form is 


abolished. 

Exceptions to superdiagonal form are not easy to come by, but they 
do exist. E. A. Bilodeau (1953a) had subjects practice a task in which 
turning the knob ofa micrometer Was translated into a linear scale, 25 
points for each full turn of the knob. The subjects, 40 basic airmen, 
were told after each trial how many scale points one way ог the other 
they were from target, which was eight full turns of the knob or 200 
points on the linear scale. The knob was shielded from visual contact 
ana the subjects were unaware of етее: И formula. The results 
or the ials actice appear in Table ^^ ; E 

меле onion practice may be to eliminate reliable indi 
vidual differences. All subjects approach a common level of perform- 


ance except for random departures. In tasks of this sort ше ied 
correlations should show superdiagonal form early in gw se " 
practice continues, however, reliable differences ics cn je e 
any one trial are eroded away until little or nothing is le en s 
this point is reached, correlation level falls close to zero and pattern- 


ingalll isa ars. z 3 
The ae ОР e micrometer task conform closely toiibis deent 
tion. The average absolute error is high initially, nahi s "ps int : 
next three trials, and approaches asymptotic values a ies |. 5 са 
trial. The standard deviations аге maximal at the second trial; the rst 
trial, it should be remembered, is “free” in the sense that theisubjects 
have no knowledge of previous results; thereafter, it drops sharply 
and also reaches asymptotic values at or about the ninth trial. Mean- 


Marshall B. Jones 
148 


Table II 
MEANS, STANDARD DEVIATIONS, AND INTERTRIAL 


CORRELATIONS FOR MICROMETER READING" 


5 05 
30 .33 .29 .12 .14 —16 .07 .05 10 —00 .04 .03 —16 ct 06 
: Е = 72 56 43 .20 —10 34 11 15 99 08 01—02 .1 s 


3 — 72 66 АТ .15 34 .17 31 .20 03—08 06 °з д 
1 — BT 57 36 .08 .06 29 20 10 .13 13—05 ri 
5 = т 44 la 323 48 .09 —10 —04 —05 .00 ic 
6 =~ 65 15 .30 62 —01 11 01 .02 —09 18 
7 = -19 .36 .60 —08 .22 17 13 -09 ^ 
в = 19 .09 —04 98 .33 әт .27 a 
А — AT 14-08 .20 .04 m 
" - 08—00 .19 .20 = A 
18 = —16 17 .09 .19 o 
13 - 09 зв 20 Al 
i = 09 .06 .12 
н = 6562 .31 
14 zo 
15 

16 


2 11 
X 17873 41 32 26 23 18 20 13 15 14 п 13 14 12 
g — 6.8 539 42.2 444 31.6 29.7 172 18,2 11.0 15.4 8.6 11.7 11.0 


While, the correlations st: 
tern. The correlations 
regular. However, 


iz i at- 
art off in an unmistakably superdiagonal р 


i гес 

among Trials 2 through 7 are almost perfectly 
at the eighth trial, corre] 
tously and the matrix become 


Line drawing is 
odeau and Ryan (1960) 
a3-inch line. Errors we 


another ex 


taught 48 blindfolded undergraduates to draw, 
an inch “long” or © 
ceived 35 trials. 
reached asym 
the results, 
The correlations in Table I 


extremely ragged. Neverthe 
form are present. The 


short" of the t 
However, both 
ptotic values by the 5 


arget. Altogether, the subjects v 
means and standard Bee 
ixteenth trial. Table III contains 


II are generally low and their pattern | 
less, some elements of варена 
average correlation in the superdiagonal is 34 1 
In the next diagonal over the average correlation is .211; in the Ee 
diagonal it is .195. In succeeding diagonals the average is .082, .09 | 
:097, and continues to follow a generally decreasing course. In shon 
there is a tendency for the correlations to become weaker as the tria s 
are more and more separated in practice, but it is only a tendency. In : 
developed superdiagonal form this regularity appears in each row anc 
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column. Here it appears only on the average. Reading across the rows 
or up the columns there are many departures from the superdiagonal 


Tu 


le. 


All in all, the correlation pattern in Table III is vestigial. This de- 
scription, moreover, applies to the last 19 as well as to the first 16 trials 
of practice. Correlation level remains at the same level throughout; 
and there are traces of superdiagonal form through all 35 trials, but 
these traces are no more or less apparent later than early in practice. 
Superdiagonal pattern does not disappear in Table III because it 
never appears, except in vestigial forms which are equally distributed 


atall stages of practice. 
Still another exception to superdiagonal form is lever positioning.? 
E. A. Bilodeau (1953b) trained his subjects, 41 basic airmen, to move a 
lever through a 26? arc. The maximal arc through which the lever 


9 
10 
11 
12 
13 
14 
15 
16 
X 


с 


Table Ш 


RD DEVIATIONS, AND INTERTRIAL 


16 


ald 
.09 
.08 
—.06 
—.11 
09 
04 
03 
23 
34 
38 
:07 
19 
44 
43 


3.2 


та 3 4 5 67 8 9 10 11 12 13 14 15 
— 68 34 34-14 21 25-05 .07 17 .28 .23 .06 .08 .10 
L 31 03—13 .04 .20 .07 .13 .24 .09 17 .22 .19 -06 
~ 139 10 41 .13—32 .24 —.08 .03 .18 —22 .03 —.05 
_ Сор 42 31—00—08—10 .14 —03 —22 —15 —.25 
_ 46 .16 .33 .34 —.04 .07 .12 —09 —08 —04 
_ (933 05 .08—02 .04 .25 —21 —09 .05 
Jol 23 .23 .09 .04—27 —11 .07 
_ 26 .04 21 .15 .07—06 .18 
_ 34 .89 .36 .13 .13 .18 
_ 43 .13—08 .10 .26 
— „Б 24 23 10 
— 26 14 .16 
= AT 35 
= 0 
164113 98 68 69 41 53 47 52 49 51 50 45 зв 48 46 
82 74 65 55 39 42 41 39 36 41 39 32 29 37 


"From E. A. Bilodeau & Ryan (1960). 


*See Chapter 9 and especially Chapt 
studies, Note too that the apparatus usec 
differed in several significant respects from the more deve 
ratus used in later studies, for example, 
Bilodeau, Bilodeau, and Schums 


y (1959). 


er 6 for extensive coverage of lever-positioning 
1 by E. A. Bilodeau (1953b), though similar, 
loped lever-positioning appa- 
E. A. Bilodeau and Bilodeau (1958) and E. A. 
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could be moved was 42°, and the subjects had no visual contact и 
the lever. Information was fed back to the subjects in degrees 5 es 
past or short of the target. The results were virtually the same as * 
line drawing, a vestigial superdiagonal pattern that showed no tend 
ency to weaken or strengthen with practice. | " 
In 1962 Jones pointed out that if practice were understood asa s 
cess of simplification, the superdiagonal pattern of intertrial corre T 
tions could be explained. According to Jones, any ability or other di E 
ferential element which was active at any point in practice was active 
at the outset, at the first trial. With each new trial some of these ele- 
ments dropped out, not to return. As practice progressed fewer and 
fewer abilities, fewer and fewer differential elements remained; those 
that did tended to be peculiar to the task being practiced. Differential- 
ly, practice was a process of simplification. From this hypothesis, 
Jones was able to derive the superdiagonal forms of practice and, 
more particularly, the single-tetrad law. The theory was also con- 
gruent with the common observation (see Section VIII) that the later 


trials of practice are more specific to the particular task than those at 
the beginning. 


The results with the 
theory. It is only necessary to suppose th 
simplification converges on pure er 


are present at the beginni 
practice are errorful 


later. As they do, co 
pattern degenerates 
sitioning are not so easily explained. 

The most obvious feature of these two 
plicity; in both cases a trial 
It is possible to argue th 
under the 


j 
micrometer task are congruent with Jones 
at in some tasks the process of 
ror. The only differential elements 
ng and which remain throughout 
; all of the reliable elements drop out sooner or 
rrelation level drops toward zero and correlation 
into disorganization. Line drawing and lever po- 


tasks is their extreme sim- 
consists of a single, self-contained motion. 
at superdiagonal form is lost or almost lost 
se conditions because the task is already so simple that there 


is nothing to simplify. The Process of simplification aborts because it 
is required to begin at its end. 


There is, however, an alternative 
tion. The tasks which sho 
them fairly complex. T. i 
Complex Coordination any, continuous, and coordi- 
nated behaviors. It may nat line drawing and lever po- 
sitioning lack superdi use they require a single dis- 
crete motion which, though i erfected, cannot substitute for 

aviors. In this view, the super- 
diagonal forms of practice reflect the assembly and organization of a 
complex skill. Practice, so far from being a process of simplification, 15 


l patterning are all of 
Coordination and the 
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a process of complication. This view of the matter is equally compe- 
tent to explain the superdiagonal forms of practice. It can explain the 
failure of patterning in line drawing and lever positioning. And it can 
explain the usual finding that later trials are more specific, less related 
to external tests and variations than earlier ones; the specificity lies in 
the particular organization that characterizes an accomplished skill. 
On the existing evidence it seems to me most adequate to regard 
practice as a process of both simplification and complication. In a typi- 
cally complex task the earlier stages are given over mainly to simplifi- 
and understandings give way before the 
demands of practice; at the same time, however, the skill itself is 
cumulating and coming together and in the later stages of practice 
complication predominates. In some tasks, for example, the microme- 
ter, there is no complication, no complex assembly that can, according 
as the subjects build it well or poorly, spread them out into reliably 
different levels of performance. Learning is a matter of settling into 
the task, but the task once learned is everywhere the same because it 
is not so much built as it is freed from proactive effects. 


cation as preexisting habits 


IV. Invariance 

Correlational analysis was developed and is generally usedasa 
one-sample, nonexperimental method of investigation. It is never the 
method of choice, if there is a choice. Differential psychologists do not 
use it as much as they do because they consider it a better or more 
powerful form of investigation than experimental method but chiefly 
because they have no alternative. The things that interest differential 
psychologists do not lend themselves to experiment, partly for beri 
cal and partly for moral reasons. At the same time, it is also en t e 
some differential psychologists have become so used to corretationa 


analysis that they turn to it when an experimental alternative exists. 
rential psychologists have gener- 


For the sam as hi diffe 
ame reason, perhaps, i 
ally failed to notice that correlations themselves are often open to 


experimental study. ini 
In experiments on human learning it is usual to administer more 


than one trial of practice to the subjects; it is also usual Le 
only the means in each experimental group. In some ion е] ipta 
; arit hee 

increase, asymptotic level, or some other variation reflected in the 


ss in acquisition; but differential pro- 
are equally important. For discussion of 


tial proc 
re they 
ntial aspects, see Chapter 6. 


3Th; NUM т 
This chapter is limited to differen 
Cesses also take place in retention, whe 
retention generally including some differe 
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ans are different than in others. However, the correlation шышы 
ОО ls is also defined in each experimental group and may a s 
кед sa ird group to another. What is true, moreover, of yc uar 
bien itam is also true of the general pattern into which they fa E 
Unless the task is exceptional, the individual correlations will ж, 
rye dun in a superdiagonal pattern in all groups; senex wid 
ual correlations may vary from one group to the next so may t x^ mee 
erties of the correlation pattern as a whole. In any case the corre р ii 
themselves, individually and in the pattern they form collective > а s 
functions of the experimental conditions. At least they may be. lee 
is no necessity that a particular experimental manipulation will ha : 
any effect whatever on the intertrial correlations, even though it та 


Ves uis ain 
have dramatic effects upon the means. The correlations may rema 
identically the sar 


ne in all experimental groups. This possibili 
moreover, is not hypothetical. There exists evidence thata tradition , 
important, rimental variations, name r 
those that are m y fatigue, for example, па 
bution of pr. d to make a response, haven 
effect wh ations. 946) 
was first reported by Kientzle (1 _ 
of the learning curve under differe 
“Correlations between scores on — d 
32) in retrospect, “were associa ir 
ers of the trials, but not with the amount of d 
between them. In other words, intertrial correlations were invarian 
under spacing," 
na second study Kientzle 
ance of the intertria] corre] 


tice. Two groups of college students practiced writing the inverte 
alphabet for fifteen l-mi 


in 


di 


t, while the other received A 
each of the last five trials, i.e., Trials 16 Р 
rst 15 trials with 60 ye 
inued on this schedule, whi М 
st. Kientzle calculated the cor 
and 20. Both correlations, ken 
the same values in all four pode 
E late in practice materially 


»” Kientzle concluded, 
ith the 15th trial” (Kientzle, 1949, Р. 
536). 


al 15 and Trials 16 
took substantially 
anging conditions of 


Tis, 16 and Tis, 20, 
"Although ch 
affected me 
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ly, fatigue effects, at least, so it is that the psychological consensus has 
it (Osgood, 1953, p. 507). Kientzle’s findings suggested that intertrial 
correlations might be independent of experimental variations other 
than distribution of practice which affect performance through fatigue. 
Jones (1968) carried out a test of this suggestion, using the force re- 
quired to make a response on the Manual Crank. 

Two identical experiments were performed. Each experiment in- 
volved a total of 160 basic airmen who were divided into four groups 
of 40 subjects each. In all four groups the subjects stood before the 
handle and rotated it as fast as they could for a continuous practice 
period of 5 minutes. Group I practiced with minimum, Group 4 with 
maximum load; Groups 2 and 3 were alternated between minimum 
and maximum loads after each minute of practice, Group 2 beginning 
with minimum and Group 3 with maximum load. The number of crank 


revolutions in each 20-second period was recorded. 
a 15-variable correlation matrix, and the 


Each group generated 
average correlation in each matrix was calculated. In the original 
experiment the difference between the largest and smallest average 
correlation was .08; in the repeat experiment this difference was 10. 
However, the largest difference for a single group between experi- 
ments was of the same order, .08. The differences between experi- 
ments were as large as the differences between groups within an 
experiment. Variations in effort had no effect on the level of intertrial 


correlation. 

Nor were there any differences in pattern. Table IV sets forth the 
correlations between each period and every other, averaged over all 
four groups in both experiments; the correlations are patterned into a 
rough superdiagonal form. The pattern in Table IV is not perfect; it 
was still less so in the eight matrices which were averaged to produce 
Table IV. Nevertheless, in all eight matrices this same pattern ap- 
peared and with comparable degrees of roughness. 

If for particular attention 


A detail of patterning which suggested itse 
was the contrast, in the two alternating groups, of correlations among 
1 king against the same load and 


periods in which the subjects were wor 
correlations between periods in which they worked against different 
loads. The correlations between periods with different loads were 
fully as large as those between periods with the same load. 

In discussing her findings on distributed practice, Kientzle (1949, p. 
537) wrote: 


If intertrial correlations depend on number of trials, but not on the amount of inter- 


vening rest, and if the invariance of correlations means an invariance of component abil- 
ities, then rest does not change a subject's standard score on a specified trial. That is, if it 
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Table IV 
CORRELATIONS AMONG 20-SECOND PERIODS ON THE MANUAL 
AVERAGED OVER THE FOUR GROUPS AND Two 


enocd = 


2 39 

1  — 65 51 47 47 44 51 48 44 43 49 39 44 (8 Кт 
2 = 83 69 69 63 61 63 58 55 56 .52 .53 des 
— 85 .78 76 .72 73 .71 66 63 .64 .61 .64 = 

А — 88 84 TI Ла ЛО лт 73 ЛО .66 s 25 
5 — 91 .80 .83 78 81 .82 .76 68 .72 .72 
6 
7 
8 
9 


— 84 84 80 .83 .82 .81 тә 73 a 
= 88 85 81 лә ло .84 .79 ү 
= 89 .81 .83 .80 81 83 - 


- 80 8 .81 .80 .82 - 
10 = B4 85 77 75 Шы 
11 = 89 .77 82 E 
12 = OT Gd ee 
13 = 48m 3 
14 


= GP 
CA eB 


Я Ы " subjects, the one 
were possible to observe, say, two 15th trials from the same group of subjects, 
trial under massed conditions 


PC d ard score 
and the other under spaced, each subject's standar 


a » > vould 
would be the same on both trials. He might earn a higher score with rest, but he v 
keep the same standing on both trials. 


The same language applies to the M 
dence suggests that a subject’s stand ais 
not have been different, if he had been assigned to a different expe ; 
mental group. If we imagine an (obviously hypothetical) analysis w^ 
variance in which each subject works the Manual Crank under din 
conditions but the ordering of the conditions is irrelevant, then inc 3 
viduals and trials interact, to produce a nonunitary correlatio 
matrix, but individuals and conditions do not, he 

Another way to make the Same point is to say that loading on th 


as n- 
Manual Crank does not affect the differential structure of the task. I 
sofar as individual differences 


are concerned, the task remains ps 
same no matter what the loading is. Mean performance changes W! 
loading, while the subjects’ relative standing remains invariant. T 
Individual differences in performance are usually ascribed N 
events and variations which antedate the experiment. Different 
psychologists think in terms of genetic differences and abilities, hà A 
its, and factors which are shaped by the past experience of the su? 
ject and which he brings with him, in some form, into the laboratory’ 
If this view is correct, it follows that some experimental manipulation” 
may not interact with the Senetic-experiential tangle the subjec 
evolved prior to the experiment. The variation affects each individua 
in the same way. 


i- 
anual Crank study. The etd 
ard score in the kth period wot 
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| To date, we have only begun to explore the problem of differential 
invariance. We know that it exists for a few variations in one or two 
tasks. We do not know how far this invariance extends or, for that mat- 
ter, whether there may not be experimental variations that have noth- 
ing to do with fatigue under which the intertrial correlations are also 


invariant. 


V. Differential Definition 


A. THE CONCEPT 


Beyond differential invariance lie all those experimental manipula- 
tions which affect the intertrial correlations. Fortunately, these outer 
ght seem at the outset. If the 


regions are not as uncharted as they mi 
at least roughly —and this 


correlations fall into a superdiagonal form, 
limitation excludes only a small number of very simple tasks— the 


number of ways in which the correlations can be affected is sharply 
limited. The correlations may differ in the precision with which they 
obey the single tetrad law. They may differ in level, i.e., whether the 
correlations are generally large or small. And they may differ in the 
slope of the pattern as it falls away from the superdiagonal. Two matri- 
ces may be equally regular and have the same level yet differ mark- 
edly in pattern-slope. One matrix may be almost flat while the other 
has larger correlations in the superdiagonal and smaller ones in the 
upper right-hand corner with a steep gradient between the two ex- 
tremes, If two superdiagonal patterns are alike in level, slope, and 
regularity they may still differ but only in relatively subtle ways, of 
which the most important is the course of differential change (see Sec- 


tion VI). 
The idea of differential definition is composed of these three varia- 
tions: level, pattern-slope, and regularity. The better defined a task is, 
atter the pattern-slope, and 


the higher the level of correlation, the fl à à 
the more regular it is. In the extreme case all correlations equal unity; 
every trial is differentially identical with every other. A poorly defined 


task shows a low order of correlation and falls off steeply from the su- 
perdiagonal or is highly irregular. In a well-defined task, every trial is 
roughly equivalent with every other, while in a poorly defined task 
the trials are various in their differential contents. 

The three components of differential definition are all capable of 
Precise formulation. In order to formulate slope and regularity with 
Precision, we must first fit a theoretical superdiagonal pattern, i.e., one 
Which obeys the single tetrad law exactly, to the empirical correla- 
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tions. The differences between corresponding empirical and best-fit- 
ting theoretical correlations are irregularities in the superdiagonal 
pattern. Unfortunately, the residual correlations, as these differences 
are called, are partly determined by correlation level; the higher the 
level, the smaller the residuals are likely to be. The best way to cor- 
rect for this interaction is to express the residuals in terms of Fisher’s х 
transformation. The root mean square of the transformed residuals 
may then be taken as an inverse measure of regularity, the smaller the 


root mean square the more regular the superdiagonal pattern. 
Pattern-slope is best formulated as 


5= 1—| Pin ) 
Ри-1. п 
where ру is the best-fitting theoretical correlation between Trials 
i and j. The theoretical correlations between the first and last trials, 
Pin and between the last two trials, р, determine the slope of the 
pattern. The smaller p, , is in relation to yi, the steeper the slope. In 
a perfectly defined task the slope is flat and Pry equals р„-„. Correla- 
tion level is simply given as the average correlation in the matrix. 

Two of the components of differential definition, level and slope: 
impose mathematical limits on each other. If level is high, better than 
‘80, then slope must be fairly shallow, because no correlation can eX 
сена unity. At the same time, slope must also be shallow when corre- 
lation level is low, less than :20, because a superdiagonal pattern con- 
sists of positive correlations only. The technical possibilities for 2 
steep gradient between the superdiagonal and the upper right-han 
comer are maximal when correlation level is in the neighborhoo 
of .50. | 

In principle, it is possible for intertrial correlations to take some pat 
tern other than superdiagonal form but, as a matter of fact, they never 
do. If an intertrial matrix has any pattern at all, it is superdiagona : 
Hence, absence of superdiagonal pattern is materially synonymous 


with little or no definition, Tasks like lever positioning and line draw- 
ing lack definition. Absence 


2 of superdiagonal pattern is a qualitative 
extreme of poor definition. At the other extreme is perfect definition 
in which all intertrial correlations equal unity. In between lie moder" 
ate levels of correlation with greater or lesser degrees of regularity 
and widely varying pattern-slopes. В жа 

B. TARGET SIZE 


The Two-Hand Coordination Test measures a subject's ability to 
guide a pin around a track by 


x x in 
manipulating control handles. Tummine 


“ч 
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] moves the pin away from or towar а- 
tor; turning the left-hand control moves the pin left не EN 
object is to drive the pin over the pathway as quickly as possible. 

I. McD. Bilodeau (1965) divided 114 basic airmen into three groups 
of 38 subjects each. All three groups worked on a clover-shaped back 
that was flush with the plate in which it was set. The differences 
among the groups concerned the play that was tolerated in the control 
handles. Group P (precise) was the standard condition; the handles 
could be turned 187.5° before the pin went off the track; in Group M 
(moderate) the play was 860°; and in Group F (free) it was 1626°. In 
Groups P and M the contacts had to be made consecutively; in Group 
F a subject who jumped the track was permitted to bring the pin back 
further along the track. Each subject practiced five one-minute trials a 
day for 6 days. Performance was analyzed in number of contacts made 
per day, so that the analysis rests on a 6-variable matrix. 

Table V contains the results for Group P, and Table VI the results 
for Group F. The results for Group M are not presented. However, 
Groups P and M were much alike. Correlation levels in the two 


the right-hand contro 


Table V 
NDARD DEVIATION 
TARGET-SIZE EXPERIMEN 


s, AND CORRELATIONS 
T, GROUP P^ 


Trial 1 2 3 4 5 6 x с 
1 - 84 .80 83 78 Л3 69 20.5 
2 ca .90 .86 81 75 103 29.5 
3 is ‘gl 86 80 139 43.9 
4 = .89 .85 171 53.3 
5 = 93 208 61.7 
6 - 241 68.9 
aF 
From I. McD. Bilodeau (1965). 
Table VI 
TIONS, AND CORRELATIONS 


NDARD DEVIA 
SizE EX 


а 


MEANS, STA 


IN THE TARGET- PERIMENT, GROUP Е 


X с 
367 89.9 


1 - 68 54 A0 ET ; 
2 = 87 70 58 51 553 96.4 
3 = 89 82 74 665 104.1 
4 эң .91 87 741 94.1 
5 2 .90 190 88.3 
6 — 829 91.4 


"From I. Мер. Bilodeau (1965). 
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groups were .84 and .86, respectively. Pattern slope in erg “ghee 
slightly shallower, 8 equaled .40, than in Group M, ô equaled .52. 
mean errors in Groups P and M were .05 and .08, respectively. T 

Group F, in contrast, is plainly less well defined than either o Hi 
other two groups. Pattern slope is very steep, with correlations nd 
ing from the low .90s in the superdiagonal to .23 in the upper right- 
hand corner. Correlation level is -67, 8 equals .86, and root mean 
error .09. 

In this experiment, enlarging target size by 
the control handles and permitting the subjec 
track as best they could greatly weakened di : 
permitted the subjects to register many more contacts per day than in 
either of the other two groups, but it also modified the task in a way 
which called for much greater differential change over the 6-day pe- 
riod. 


allowing more play in 
ts to come back on the 
fferential definition. It 


C. TRANSFER OF TRAINING 


components may also be affected 9 
hman (1953a) gave standard an 


a he other the experimental 
test first. Since 


xperimental, and 24 between the tests, 
administration. In Table VII, the averages for 
ations are presented. 

relationships the standard test was more 
the experimental test than vice versa. 

average within-test correlation was lower when 
than when it came first; but the drop was greater 


ation between tests was greater when the stan- 
an when it came second. 

thin-test correlations are not presented, but they’ 
al forms for both tests under both administrations. 
However, the pattern was rougher for the standard test when it came 
second than when it came first, while the patterns of correlation 


are К т 
within the experimenta] test were smooth superdiagonal forms unde 
both administrations. 


When the standard test came first, the 
lations was very regular; in fact with th 


were superdiagon 


pattern of between-test wi d 
e standard test first, the who! 
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matrix had regular i i i 
tal test first, a sain da а ames eiim e аи 
st first, ough. 

It is significant that in neither of these studies did Fleishman report 
any normative results. The usual thing is the opposite; normative re- 
sults are reported but not differential. Nevertheless, in any experi- 
mental study of motor learning both kinds of information are available. 
We know a great deal about the normative effects of many experi- 
mental variations; but we know next to nothing about the differential 
consequences of the same variations. And there may be relationships 
between the two orders of events. It may be, for example, that the 
disturbances of differential definition produced in one task when it 
follows upon another bears a relationship to transfer of training be- 


tween the two tasks. 


Table VII 
AVERAGE CORRELATIONS WITHIN AND BETWEEN 
STANDARD AND EXPERIMENTAL FORMS OF THE RUDDER CONTROL TEST 
WHEN THE STANDARD FORM WAS ADMINISTERED FIRST AND WHEN THE 
EXPERIMENTAL FORM WAS ADMINISTERED FIRST* 


Correlation Standard first Experimental first 
Standard — standard .64 48 
Experimental — experimental 76 .83 

43 .32 


Standard — experimental v 


“From Fleishman (1953a). 


VI. The Course of Differential Change 


Traditional learning curves are plots of mean performance (or 
Some other behavior of central tendency) against trials. Ordinarily, 
these curves are increasing and negatively accelerated. In the early 
stages of practice the curve rises sharply. As practice proceeds, the 
steps between trials become smaller. Toward the end of practice the 
curve rises very slowly as it approaches the asymptote. 

A correlation coefficient reflects (inversely) differences in the align- 
ment of individuals on two variables. The stronger the correlation the 
more nearly individuals are aligned alike; the weaker the correlation 
the greater the differences between the two arrays. A correlation 
therefore, between neighboring trials of practice reflects the magni- 
tude of the differential step between them. It measures differential 


change from one trial to the next. 


160 Marshall B. Jones 


In the matrix of Table I these (superdiagonal) correlations are x 
87, .91, .91, .89, .93, and .94. With one exception, the окен = 
reati steadily. This increase in the superdiagonal correlations insane 
that the differential process which accompanies practice on the Tape 
Hand Coordination Test is negatively accelerated; as practice pro 
ceeds, the differential steps between successive trials get smaller. 

Since the superdiagonal correlations are inversely related to 65 
magnitude of the steps between neighboring trials, the process of dif- 
ferential change is more clearly pictured 


if the correlation coefficient 
is transformed into its inverse, the coefficient of alienation, i.e., 


Alienation = V1— 2 


We need also to remember th 
alienation coefficients) 
change in differential s 
rable, therefore, not wi 
in mean performance. 
In Fig. 1 the coefficients of alienation 
trial to trial in the mean and stand 


at the superdiagonal correlations (or 
are not measures of differential status but of 
tatus, without regard to sign. They are compa- 
th mean performance but with absolute change 


and absolute changes ipe 
iati — he 
ard deviation of performance on t 


60 
50 

1004 |— r2 
40 / 


30 


20 


Periods 
Hours 


Fig. l. Superdiagonal coefficie. 


i А 7 next 
nts of alienation and changes from one trial to the 
in the mean and standard deviations on 


the Complex Coordination Test. 
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Complex Coordination Test are presented. Practice in this study 
(Reynolds, 1952b) was distributed into six l-hour sessions. In each 
hour, performance in the first and in the last 20 minutes is plotted. 
There was a lunch break between the third and fourth hours. 

In Fig. 1 the curve for differential alienation parallels the one for 
mean change. Both start high, between the first and second periods, 
and decrease through the third hour. 

Over the lunch break there was a major change in mean per- 
formance (a drop) which was followed by generally decreasing 
changes (improvements) in the afternoon. | 

The same changes took place differentially, except that the differen- 
tial effect of the lunch break was greater than its effect upon the 


means. 
Meanwhile, the ch 


but level course. : і diff 
In the case of the Complex Coordination Test normative and differ- 


ential changes during acquisition are roughly parallel. Nevertheless, 
there is in Fig. 1 a difference between the two processes which in 
some other tests is more marked and more sustained. 

The smallest differential change during the morning hours occurred 
between the third and fourth periods. Between the fourth and fifth 
and again between the fifth and sixth periods differential changes 
were somewhat larger. Between the same periods changes in the 


mean continued to decline. VN 
In the Rotary Pursuit (Fleishman, 1960) and Discrimination Reac- 
tion Time Tests (Fleishman & Hempel, 1955) the eta of differen- 
tial change undergoes a clear change of sign. ges ange en 
to decline throughout acquisition, but differential c hange a s a P 
nounced initial drop increases slowly through the terminal phases o 
practice. ио ; T 
The significance of these discrepancies 15 that differential cues 
` к S acetic i ic 
may continue, in fact, it may increase, at р pd 
mean performance is nearing its asymptote and practice 
longer to be having appreciable effects. 


anges in standard deviation follow an irregular 


VII. Inheritance 

i ich differential psychology may 
is c book with which i : c 

be WE pie ey is Francis Galton's Hereditary Genius. The 

bulk of Clans text was concerned with the inheritance of those in- 
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tellectual and personal qualities th 


H =, . а + » er. 
commanders, literary men, musicians, scientists, painters. gerne У 
Galton (1887) also considered familial tendencies in two distinctly 
motor vocations, rowing and wrestling. 


He said: 


: in judges 
at make for eminence in judges, 


In respect to oarsmen, let me assure the reader that they are no insignificant fraction 
of the community, —no mere waifs and strays from those who follow more civilized pur 
suits. A perfect passion for rowing pervad arge classes. At Newcastle, when à gren, 
race takes place, all business is at a standstill, factories are closed, shops are shut, an ; 
offices deserted. The number of men who fall within the attraction of the career is VeTY 


great; and there can be no doubt that a large proportion of those who are qualified to 
succeed brilliantly, obey and pursue it (p. 305). 


the attraction 


n ither e Thames in the preceding 26 е 

The names,” said Galton, “are not picked and chosen, but the bes 
Su BS : any certain knowledge could be ob- 
tained.” Galton classified his oarsmen into two broad categories О 
: He calculated that not 1 man in 10 at- 
tained the lower rank and less than 1 in 1000 became an excellent 
oarsman. 


n who had attained a degree of emi- 
nence as oarsmen suffici in either of these two grades- 
or more of the other eminent 

eminent oarsmen, 2 with 3, 1 
able of these was the family of 
wrote Galton, “for many years stroke of a 
ently the whole crew, including the cox- 

Y. For eight years this crew 
imes Henry pulled stroke for 


he most remark 
Henry Clasper. “He was, 


four-oared crew, and frequ 
swain, were members of th 


ed.” Henry’s broth- 
and another brother, 
sadvantage of having 

losta leg. 

Galton's studies of inheritance have been criticized principally on 
the grounds that familial tendency is not conclusive evidence of he- 
reditary gifts. In a family like Clasper's TOWing must certainly have 
dominated the ambitions of all its male members, At à very early age 
they must have prepared for an oarsman's Career. And this preparation 
may have had a bearing on their phenomenal Success. 

The figures on oarsmen may 


also be questioned on technical 
grounds. According to Galton's es 


timates, the ratio of good to excel- 
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lent oars 
oarsmen was roughly 100 to 1. Nevertheless, in the list of names 


he 
gave "at 
im. T the ratio was 1 to 1; there were as many excellent as good oars- 
iff 4 he most likely reason for this discrepancy is that it was more 
cult to obtain “certain knowledge” about les distinguished 
ain "certain knowledge a out less distinguished men. 


Still if 
cate 4 the 1600-odd good oarsmen which Galton was not able to lo- 
had also been listed, it is possible that Galton's figures would 


iE been less impressive. 
бер иан subjects iti ) 
em is се Ап approach which re 
Present in ü y young children. Individua тед es 
through t he first few months of life and persist wit hout much change 
du qe first two years at least (Thomas, Chess, Birch, Hertzig, & 
ness of; Ds Some of these differences, like activity or the responsive- 
a child to external stimulation, involve heavy motor compo- 


nents, 

acne study of young twins carries the argument further. Freedman 

twin eller (1963) followed 11 pairs of fraternal and 9 pairs of identical 

baie on a monthly basis through the first year of life. The twins' be- 

Bast r was evaluated on the Bayley Mental and Motor Scales and the 
ayley Infant Behavior Profile. Within-pair differences 1n all scales 


we soa 
re much smaller between identical than between fraternal twins. 
Пу advance the argument 


el studies environmentalists usua е үре 
бш: entical twins tend to imitate each other, to ! entity к еас 
а and that their observed likeness to each other is secondary to 
as psychological processes rather than their genetic identity. 
pl wever, in Freedman and Keller's study this argument does not ap- 
Y. In the first year of life infants do not respond to each other at all, 


lec less imitate each other. : 
imilar differences between identical and fraternal twins have also 
үш observed at the adult level. In 1933 McNemar studied the per- 
rmance of 46 pairs of fraternal and 47 pairs of identical twins on the 
mm pursuit rotor, steadiness, speed-drill, spool-packing, and card- 
th ing tests. Holzinger heritability coefficients appear ш Table уш; 
ы coefficients state the proportion of the variance within families 
ia is attributable to genetic variations. For the pursuit rotor, stead- 
55, and speed drill tests the heritabilities are high; for card sorting 


Һе ны: Ы ee 
нр is moderate and for spool packing, itis low. 
n three of these tests, pursuit rotor. spool packing, and card sort- 


i à E r f 
ng, the twins were given seven trials of practice. In Table IX Holzin- 
he last two trials are presented. 


er E. кери 
. du diana for the first two andt 

practi three cases these heritabilities tend to be lower at the end of 
ice than at the beginning. In the case of the pursuit-rotor and 


s not easy to distinguish familial from ge- 
duces the extent of the prob- 
1 differences in behavior are 
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Table VIII 
HOLZINGER HERITABILITY COEFFICIENTS (CORRE 


CTED FOR AGE) 
IN 46 PAIRS OF FRATERNAL AND 47 PAIRS OF IDENTICAL TWINS 
ON FIVE PSYCHOMOTOR TESTS" 


Test Heritability 
Heritability 0000 


Pursuit rotor 


.90 
Steadiness .80 
Speed drill .69 
Spool packing .25 
Card sorting .46 


Table IX 
HOLZINGER HERITABILITY 


COEFFICIENTS (CORRECTED FOR AGE) 
IN 46 PAIRS OF FRATERNAL AND 47 PAIRS OF IDENTICAL TWINS 
ON TRIALS 1, 2, 6, 


AND 7 IN THREE TESTS OF MOTOR SKILL" 
ыс г х= == РА 
Pursuit rotor 78 74 64 67 
Spool packing 28 —02 —17 —.02 

Card sorting ERI 


51 31 43 


"From MeNemar (1933). 


card-sorting tests the 


decline is relati 
packing test, there i 


5 no heritable 


vely slightand easy. In the spool- 
st, tl Variance except on the first trial; 
thereafter, it disappears altogether. 


It appears, therefore, that genetic contributions 
prominent at the beginning of practice than ] 
twin studies are now almost 30 y 


ater on. However, these 
ears old; 
up these questions again. 


itmight be profitable to take 


VIII. Correlations with Other Tests 


Most of the differential work Оп psychomotor per- 
formance as a dynamic process is relatively recent. In the main, psy- 
chomotor performance has been treated as a who 


le; if more than one 
trial was administered, a subject’s scores were averaged over them. 
а s 
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een to classify psychomotor tasks into 


coherent differential groups, i.e. 50 that subjects who do well on one 
test in the group can be expected to do well on the others too. 

This effort has been carried out almost exclusively by means of fac- 
tor analysis. In this technique the variance of each test is resolved into 
the test’s loadings on several hypothetical factors. There has always 
been some doubt as to what it is that factor-analytic resolutions assert 
about the correlations from which they are derived; but this chapter is 


ап inappropriate place in which to attempt a clarification of the ques- 
tion. However the matter is put, factor analysts have reached agree- 
erate in psychomotor 


ment with respect to several facto 
tasks (Fleishman, 1953b, 1954). I will describe only six of them. 

A factor called wrist-finger speed has been identified in several tap- 
Ping and aiming tests. Its loadings suggest that it is independent of 
eye-hand coordination. For example, the speed with which a person 
can tap a pencil, without regard to where he taps it, loads high on the 
factor. However, if taps are scored only when they fall within a small 
circle, tapping speed loads low; and the smaller the circle the lower 
the loading. 

Aiming is supplementary to wrist-finger speed. It also involves 
Speed, but tests which require precise positioning of each tap load 
highest on the factor. Eye-hand coordination appears to be essential. 
The factor appears in printed tests only. , 

The Purdue Pegboard and O'Connor Finger Dexterity Tests have 
high loadings on finger dexterity. Both tests require precise manipula- 
tion of small objects, like pegs or pins. Sensing with the fingertips is 
essential. 

Manual dexterity is like finger 
larger objects. Tests which load on 
fingertips, 

Tests which require a subject to hold an object stationary, for exam- 
ple, to hold a stylus so that it does not touch the sides of a small hole, 
load heavily on steadiness. The factor also appears when subjects are 
asked to move an object in a highly controlled manner, for example, in 


a track so that the stylus does not touch the sides. — | 
Psychomotor coordination is found almost exclusively in apparatus 


tests, like the Rotary Pursuit, Rudder Control, and Complex Coordina- 
tion Tests. The normative basis of this factor has been rather vaguely 
described as "representing either coordination of the body, in move- 
ments of moderate scope, or coordination of such movements with the 
perception ofa visual stimulus." 

In the early days of psychologica 
that a compensatory mechanism mig 


And the principal effort has b 


rs which op 


dexterity except that it concerns 
it do not require sensing with the 


] testing it was thought by some 
ht be built into human nature. 
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unusual intellectual gifts had poor 

> it became apparent early in the use "i 

e was not equalitarian. People who did 

could be expected to do better than 

hich called for maximal performance 

from the subjects. It was this fact Which gave rise to Spearman's two- 

hypothesized that all tests of ability de- 

pended in part upon a ge factor, which he called g, that was re- 
sponsible for the positive correlations among tests of ability. . 

In the mid-thirties Herbert Woodrow raised a related question. 
Everybody improves with Practice on any test, but some people im- 
ow wondered whether there might not 
be a general positivity among improvement scores in the same way 
5 0n unpracticed tests. If there was, ie 
Mportant implications for the theory © 


Б raw score 


reasoned, the fact would have i 


intelligence. 


Woodrow carried Out several sty 
them (Woodrow, 1939) 82 Subjects 
four tests: horizontal addi 
lation. The same Subjects 
out practice. For each ind and for each of the four tests which 
were practiced, Woodrow caleul an improvement score, which 
equaled the individu nd of practice minus his score at 
the beginning. He orrelations among improvement 
:orrelations, moreover, 


sts were also low. AS 


: * 26 concluded that there was no gen- 
eral factor common to improvement scores, 


also reported the correlations between 
: ations be 
the 21 unpracticed tests and initial and fi een 


nal performance on each of 
ee esults appear in Table X. р the case of all 
‚ initial performance tended to Correlate better with the un- 


nce, 


or performance in relation to external 
In the 1950’s, however, a series of 
rmed and extended Woodrow's earlier 
principal study in this series was car- 


RM ' of 
dies in this connection, In one 


Were given 66 trials of practice 0n 
ng, substitution 


were al 


tests was deferred for 20 years, 
studies from the Air Force confi 
results with printed tests. The 
ried out by Adams in 1953. 

The subjects in Adams’ study were 197 basic airmen. They were 
administered 32 printed tests, 13 simpl 


€ psychomotor tests, and 7 
complex psychomotor tests. All of the complex Psychomotor tests 
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Table X 
- AVERAGE CORRELATIONS OF 21 
TH INITIAL AND FINAL PERFORMANCE 


UNPRACTICED TESTS 
ON FOUR PRACTICED TESTS 


Average correlation 


Test 
Initial Final 
Horizontal adding -30 19 
Substitution 22 A8 
Two-digit cancellation 15 10 
18 16 


Four-digit cancellation 
a 
From Woodrow (1939). 


as most extensive on 


ers. Practice W 
served as the focal 


Wer das 
€ practiced and none of the oth 
(CCT), which 


the 
кые Coordination Test 
Fini e investigation. 
Printed ¢ results are presented in Table XI. 
tests correlated better with initial perfo 
3 simple psych 


Perform; 
есы ө on the CCT. The 1 
their relationship to initial performance on the CCT, even in- 


Creas 5 
ome ы a little. Initial performance on the six complex psychomotor 
etter E than the CCT behaved like the printed tests; it correlated 
Swe with initial than with final performance on the criterion test. 
With oe final performance on the same six tests correlated better 
h nal performance on the CCT than with initial performance. 
ane de results have been repeated by several investigators using 
heh ifferent psychomotor tests. The results have uniformly con- 
Fm i Adams’ findings. If two tests are widely dissimilar, practice on 
бут them generally serves to reduce the correlation between the 
ae If they are alike, practice tends to increase the relationship 
een the tests. 


е NM proceeds on a psy 
ated to ich is specific to the task 

est ү гек variables, increas С л : à fr 
69,2 example, the proportion of specific variance increases from 
at the beginning to 38 % at the end of practice (Fleishman & Hem- 


Pel, 1953). In psychomotor tests generally, most of the variance at the 
k. This finding has tended to focus 


end E 
dimos ins is specific to the tas ка, 
ры or the first time in many Y©* E pecific variance. 
the tima analysis of psychomotor te à 5 (Fleishman, 1954) 
49 Cm of variance which was specific to the tests averaged 
орар eet tpplbal Ja feld and criterio 
Specific variance is much larger- Usually, at least 75% of the 


Varia: ; 
nce is specific to the tasks, frequently as much as 90 %. 


On the average, the 
rmance than with final 
omotor tests main- 


ask the proportion of vari- 


i.e., which cannot at present be re- 
ases. In the Complex Coordination 


chomotor t 
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Table XI 
AVERAGE CORRELATIONS OF 32 PRINTED, 13 SIMPLE PSYCHOMOTOR, 
AND 6 COMPLEX PSYCHOMOTOR TESTS WITH INITIAL AND FINAL 
PERFORMANCE ON THE COMPLEX COORDINATION TEST^ 


Average correlation with the CCT 
Kind of test 


Initial Final 
Printed .38 .25 
Simple psychomotor 24 Bi 
Complex psychomotor 
Initial 45 38 
Final 


41 .49 
"From Adams (1953). 


In his presidential address 
tion, Cronbach charact i gy as a "tight lit- 
tle island" and differentia : Е 
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CHAPTER 6 


Retention under Free and 
Stimulated Conditions’ 


EDWARD A. BILODEAU 


Tulane University 


I. Historical Comment 


Ebbinghaus (1964) and his successors have denies ман 
study of retention for most of the twentieth century. Gradua y ane 
steadily a stock of methods and materials has accumulated. Impr ove 
ments on the honorable and old tradition of Ebbinghaus seem desir- 
able to a number of recent investigators. One especially it 
new issue is that the shape of the curve of forgetting, long -— o 
be well known, is not really well described for human beings. m 

Most modem research has dealt with acquisition curves, not re кп 
tion curves, and it should not be assumed that retaining 15 er d 
of learning. Retention research has been in doldrums for per set 
until 1957 neither independent nor dependent vane — a : 
evolved or reexamined as in the field of acquisition. x he =< : B 
Opinion was that retention fell very fast in verbal learning anc й hat 
retention hardly failed at all in motor learning. hers paria ioris 
to the majority view; data obtained by McGeoch (1932) led him to con- 


discussion and overview of work 


voted to a 4 
reviewed where 


"The princip: :e chapter is de 
ч principal part of this chapter is Се е laboratories 
Originating in the Tulane Laboratory. The work oe Ды оаа it deserves. The 
it seems especially 2 Joes not get the deta gi E i 

s especially relevant, but does n gi 3 s (ice of Scie vd eve esser 
Preparation of this chapter was supported by the Air Force om pem ее 
Office of Aerospace Research, United States Air Force, uncer / + ERAS 
F44620-68-C-0072. 
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tradict the generalization that skilled motor acts are better retained 
than are verbal materials and Hunter (1934) spoke of the failure to re- 
call a motor skill minutes after a correct execution and went out of his 
way to state that there is no one curve of forgetting. 

There are many reasons why a voluminous literature fails to tell us 
much about the observed or the theoretical curves of forgetting. (1) 
Much of the pre-World War II data cannot stand examination by con- 
temporary research design. (2) The duration of rest is not examined in 
most studies, one value being common. (3) Much effort is directed to 
short-term processes and an overall shape is difficult to 
trapolation. (4) The methods of measuring retention 
very slowly. (5) Curves showing the for: 
events within trials are in short supply. 
ation of the conditions of learning, 

Until recently, research in ve 
haus task of serial rote 


assess by ex- 
have evolved 
getting of component (single) 
(6) There has been much vari- 
but not of recalling. 

rbal learning has stressed the Ebbing- 
learning, the paired-associate task, and the 
many experimental variables which they imply. This situation 
changed rapidly after the work of Peterson and Peterson (1959) and 
Underwood and Postman (1960), who have introduced major new 


techniques and ideas to alter our thinking on portions of the curve for 
verbal materials. Indeed the whole field of memory has undergone an 
explosive growth in the last decade, some of it being reviewed by 
Melton and others in a special issue ofthe Journal of Verbal Learning 
and Verbal Behavior (1963, pp. 1-1 19) and in other places (Bilodeau & 
Bilodeau, 1961; Bilodeau & Levy, 1964; Keppel, 1968; Naylor & 
Briggs, 1961; Posner, 19674; Postman, 1964). Selected readings of 
journal articles can be found in Kausler (1966) and Slamecka (1967). 
Important project work employing new tasks is b 

ber of productive investigators: Bahrick (Bahrick, Clark, & Bahrick, 
1967), Broadbent (1963), Bousfield (Bousfield & Puff. 1964) Conrad 
(1967), Cofer (1965), Deese (1965), Lloyd (Lloyd & Johnston, 1963), 
Murdock (Murdock & vom Saal, 1967), Posner (1967b) Reid (Reid, 
Brackett, & Johnson, 1963), Shepard (Shepard & Chang 1963), Tul- 
ving (1967), Wickelgren (1966), and Yntema (196: | i 
stresses motor retention, relatively little can bes 
retention even though it will be touched 


eing done by a num- 


3). Since this chapter 
aid here about verbal 
upon from time to time. 


II. Retention Curves for Verbal and Motor Tasks Compared 


Students are often taught that the retention curve is like the one 
shown in Fig. 1, which is plotted after data collected by Ebbinghaus 


e 
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Fig. 1 
» An example of a common concave retention curve. (Data from Ebbinghaus, 


1885; see 1964 translation.) 


of savings in number of nonsense 
thod of relearning, is plotted 
al. The curve has a concave 


a entary Here, a measure 
A ае, based upon the me 
Smeg am of the retention interv à | ) 
бй is that iat ooks exponential. Accordingly, the classic descrip- 
итче, Е proceeds rapidly at first, and later more slowly. 
(1957), who тиз — to the cla ic view were raised by Underwood 
t anl ern stai that a major portion of the bow was ае 18 
асаа аа alc meting agents. More recently, Bahrick (1964, 1965) 
ty he resolt "s 5 servations and states that the shape is an artifact; it 
MM dren | ee factors, only one of which is the rate at which 
vends eis салу sp in time. The form of the curve of Fig. 1 also de- 
чеги ле Ebbinghaus procedure for collecting the data, most 
Some = S т syllable material and the relearning procedure. 
shape ty кш n assumed that these procedures would givea curve- 
shall oe 2985 of human memory 1n general. This assumption, as we 
ul see, is nota good one. 

geen neers ideas about the shape can be traced to Underwood 
fást «рв. bas asking why the classic curve in verbal learning fell so 
Faot е E The best answer to date is his own, Dep that much, 
ime bx "d the early forgetting, comes about through the interfer- 
баги пенен by the prior learning by the subject of many lists. The 
with рне. 18 susceptible to forgetting to the extent of previous training 

aterials of the same sort and all probably learned in the same 
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situation as well. This is a proaction effect. Earlier, McGeoch е 
tried to establish interpolated learning as the culprit, but with modest 
success. An experimental design employing a task interpolated be- 
tween training and recalling is a retroactive one in that the effect of 
interpolation on the recall of the training task is studied. 

After making a deduction for the contribution of proaction to the 


amount forgotten, Underwood reported that verbal materials were 
much less sensitive to forgetting than e 


Underwood calculated that, instead of fc 


list of words within just a few minutes, an individual might retain as 
much as 90% after 24 hours and produce a far shallower curve than in 
Fig. 1. This allowance for proaction, of course, altered our orientation 
toward the classic retention curve because most experiments on rote 
memory had used the same subject over and over. Repeated use of the 
same subject from one retention interval to another can be a methodo- 


logical flaw unless one is interested in the phenomena of proaction for 
themselves. Since most verbal experimer 
used this design, their data 


arlier investigators had said. 
orgetting the greater part of a 


nts of the earlier era have 
are limited to that use. Subjects who are 
given many lists to learn develop positive transfer in learning; in re- 
learning they do poorly at first (negative transfer) and with additional 
practice trials regain original proficiency rapidly (delayed positive 
transfer). Ebbinghaus’ curve must be thought of as a shape which re- 
sults from a certain set of laboratory procedures. If we are curious 
about other procedures, we find other shapes produced, 

In the area of motor-skills retention, a historical survey of the field 
yields a few studies with some forgetting (see Noble, Trumbo, Ulrich, 
& Cross, 1966, for instance) and a grea 
dence for forgetting is found (e.g., Be 
1952; B 


at many studies where no evi- 
П, 1950; Reynolds & Bilodeau, 

attig, Nagel, Voss, & Brogde 
Neumann, Dey, Marion 


n, 1957; Ammons, Farr, Bloch, 
»& Ammons, 1958; Fleishman & Parker, 1962; 
Roehrig, 1964). In the foregoing cases, the curve is equal to a constant. 
Every failure to find forgetting makes it that much more difficult to 
speak of the variables that r less of it. There is much 
laboratory data to confirm anecdotal sayings about motor skills being 
highly resistant to forgetting. For more of the history of motor-skills 
retention, Chapter 1 by Irion should be read. 

Only one or two of the null experiments need Concern us in any de- 
tail. The one by Ammons et al. will be considered first since it was the 
most resourceful. The apparatus was the Airplane Control Test, a de- 
vice that presents the operator with a small, moving model airplane 
mounted on a universal joint. The subject is Tequired to compensate 
for the erratic movements of the plane as it Simulates flight through 
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rough air. He does this with hand stick and foot pedals as he mightina 
vintage airplane. Ina standard airplane simulator, the pilot enters 
bera and operes it from the inside. In the test used in this experi- 
rth e operator looked at the model and operated it from the out- 
oe NE subjects were trained to steady the 
ннн ое оо tii ae vie gens later. No evidence of 
The question is whether pee = ; ali үнө т; т нага 
which some sigh believ s "lie м a à on bs d i p се 
на ек E eve i ES bees s by their techniques or 
a pt the data at face value. 

Mone sec eed the site leaden result was the one by Fleish- 
arker (1962). This null outcome resulted after the use of 
substantial laboratory facilities and a tracking task simulating display 
and control characteristics of an air-borne radar attack in an intercep- 
tor airplane. That is, the subject learned to coordinate the action of 
stick and rudder controls. Nothing at all seemed to be forgotten with a 
year of layover; after 2 years of layover, proficiency was, at most, 
slightly inferior at first, but certainly mastery was reacquired in a few 
minutes. The authors also attempted to predict retention performance 
from ability measures estimated from scores available on 44 printed 
and psychomotor tests. Their best two predictors, spatial orientation 
and multilimb coordination, did not correlate significantly with the 
retention scores on the trainer and their conclusion about finding neg- 


ligible results has been accepted. 
rias instead of doing worse 
Hod pi кезд, This is particularly e i 
s massed, the finding being called the reminiscence phenome- 
non. Reminiscence is common, powerful, and it might even mask 
tendencies to forget. The experiment by Koonce, Chambliss, and Ir- 
ten (1964) on the rotary pursuit test is a good example of the power of 
reminiscence. Several lengthy values of retention, including 1 and 2 
Years, were used after a period of relatively massed training at track- 
ing the target. At the beginning of retraining, every rest group ex- 
ceeded а no-rest control group and all the rested groups did equally 
well. When initial practice is spaced in time, as it was in Bell’s (1950) 
study, there is no reminiscence effect with a year of layover. There 
was a nominal loss in proficiency which was quickly overcome during 
retraining. If the subject is allowed а brief period to readjust and warm 
up, we can conclude that the pursuit rotor is not a suitable device for 
demonstrating forgetting. We can also conclude that it is an admirable 
device for showing reminiscence. 
The studies reviewed above are unlike the Ebbinghaus procedure 


with time, the subject may perform 


true if the initial practice pe- 
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in that the subject is used in one condition only and, therefore, ed 
tive effects are ata minimum. Further, no special activity T 
lated between training and retraining and the subject was ^ ps 
signed any experimental skills to master during the layover. І m 
were assigned to performing the reversed form of the task or some 
other variant of control-display changes, the chances of producing for- 
getting through the medium of retroaction might be enhanced. Lewis 
(see Lewis, McAllister, & Bechtoldt, 1953) is especially well known 
for his long-term project on many aspects of this procedure. After 


working variables such as different motor tasks, levels of 
achievement, response measures, 
summarized as follows. Retroactive interference is (1) difficult to pro- 
duce, (2) obtained in small amounts when produced, and (3) rapidly 
converted to positive transfer upon the resumption of a relearning pe- 
riod. 


ability or 
etc. the Lewis findings can be 


In summary, overa period of several de 
training and retraining of skills involving 
find insufficient forgetting to cast up 
reservations around, for the inve 


cades in the investigation of 
continuous responding, we 
a forgetting curve. There are still 
stigators themselves would be reluc- 
tant to board a jet liner with a pilot returning from a 2-year furlough. 
Certainly, his recall of cockpit procedures would have deteriorated so 
far as to make immediate certification most unlikely. His control-col- 
umn skills would seem to be far better recalled, but there being a nar- 
row tolerance for error among high performance aircraft, not to men- 
tion passengers, we had better admit the need for some retraining on 
manual skills too. 
Next we move on to the forgetting of especially simple skills, those 
ofa positioning variety. These, it turns out, are forgettable. 


ПІ. Retention Curves for Simple, Positioning Skills 
Figure 2 shows a lever task for learning 
response similar to line drawing. The task is us 
how far to move the lever 


and later recalling th 
tion to repeat an earlier response. A series of st 


udies with the lever is 

surveyed in detail below, and so the task will be carefully described. 
The subject is asked to reach into the box and to move the lever 
(blind) through several degrees. After the move is completed, the 
experimenter records the amplitude of response in degrees of arc, and 
says something to the subject such as, ere 54 units short of the 
target." The subject, then, h Ponse called R, and the 
ge of results, or informa- 


a simple positioning 
ually one of learning 
€ move under instruc- 


"You w 
as made one res 


stered one knowled 
tion feedback; the latter is designated IF. 
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The lever presented in Fig. 2 has been employed extensively for 
studies of feedback and its effect on learning in general. All kinds of 
numerical and temporal transformations of feedback were investi- 
gated in a program resembling schedules of reinforcement and with 
much the same objective—to see how changes in response depend 
upon the conditions of feedback. The studies of feedback are re- 
viewed in detail in Chapter 9. 

' In a series of studies with variations in the temporal point of admin- 
istering IF, it was found that the temporal position of IF between В, 
and R, had no effect on accuracy whatsoever (Bilodeau & Bilodeau, 


c : 
1958). Feedback was delayed by seconds, minutes, hours, days, 


and weeks, and even so, learning was not dependent upon its tem- 
ger the time between 


poral position. Instead, it was found that the lon 
R, and R,, the poorer the learning. To make a long story short, the ex- 


r Apparatus showing the lever 
nt outside the 


Leve 
de of lever displaceme 


Fig. 2. An experimenter's view of the Manual 
ep the box and a scale for measuring amplitu 
20x. (From Bilodeau, Jones, & Levy, 1964.) 
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lanation of the poor learning with spaced responses held Seek wu 
ае h long intervals between responses were forgetting son 
1908 ak enn Three basic events of training, not one as is due 
em were being forgotten, it was thought. These ee 
(1) Ry, (2) IF, and also (3) any planned response or response E eo 
tive (R“) the subject might have made at the time of — г 
turned out that a project on learning and feedback produced s 
basic questions about the role of memory. 

A verbal component to levering, of course, w 
start because experimenters in motor studie 
“short” and numbers such as 
These IF's are administered 


as present from the 
s often use "long" and 
"27" and “54” for verbal feedback. 


as some function (f) of a previous "et 
sponse, and indeed, are deliberately arbitrary and preprogrammed. 


the subject, for example, moves 35? toward a 30* goal the true error or 
error score is +5°, but the IF administered is not necessarily equal to 
+5°. Since IF is by definition equal to f(true error), the score reported 
might be anything at all, say 5 x 5,54 5°, etc. In this formulation, 
R and IF are different events. 

The transforming is done in order to examine the relationships be- 
tween IF and the response it arouses. In a simple case, for example, an 
IF of 100 (purporting to be the response error in a task such as the 
lever) should yieldaleve 


r displacement different from an IF of 10 and 
generally the latter would produce 
next time. Here, it is assumed th 


correction when administered a lar 
be both levering and numeric 
its form or code — numbe 
ious words are associate 


à smaller movement change the 
at the subject will enter a larger 
Ser apparent error. There ought to 
al associative hierarchies to IF whatever 
75, signs, units, etc., in the same way that var- 


d with a stimulus word in the familiar word 
association tests. If the reader tends to make the error of equating the 


IF term with the response term, instead of defining itas some function 
ofthe response term, he should refer to Chapter 9, 

Generally, three component events within a trial (R,, IF, R^) can be 
discerned. These should not be ignored, confounded, or left unelabo- 
rated. Forgetting curves are needed for each component just as much 
as for the standard curve of relearning of R,. In the standard experi- 
ment on retention, whether verbal or motor, the subject is almost al- 
ways asked to do his best during the retraining phase, and is even 
overtly asked to improve as in relearning; he has not been asked to 
repeat anything such as a component of training. Requesting a person 
to improve does not set him to the basic memory task. Beyond the 
issue of repetition, methods which introduce special stimulus asso- 
ciates into the recall environment seem promising. That is, a more ac- 
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tive acknowledgment of training context or preexperimental context 
might well be made by the experimenter in order to deliberately in- 
tervene in the retrieving process. No such special conditions are intro- 
duced into what can now be called the standard recall (free) environ- 
ment. In short, on balance most of the operations characterizing a 
standard retention study have been in common with the design of a 
learning study. The high degree of similarity in procedure may have 
been a function of the prevailing conception of learning and for- 
getting, that is, one is the inverse of the other. If one believes this, the 
experimenter will surely design the recalling environment in an 
ordinary way. The test period will be a replicate of training proce- 
dures, is to be called relearning, and the experimenter would not dare 
to change the testing environment. 

The study of the within-trial events which might be liable to forget- 
ting was initiated by Bilodeau, Sulzer, and Levy (1962). The basic 
events are shown in Fig. 3 where positioning a lever will illustrate the 
task. Here, R, is the first and the only levering response of Training, 
Ке is the alternative response or the response that the subject could 
make in place of R,, and IF is the feedback pertaining to БК, or to R“ at 
the experimenter’s discretion. During Pretraining, the subject can be 


shown 0,1,2...n targets or places to move. Let us suppose he is 


guided to just two alternatives. If we allow the subject to move to 
one place and not to the other, the move executed is what is called R, 
and the other possible move, the one not yet executed is called R^. 
The experimenter is now in a position to ask recall of three different 
kinds of prior events, namely Ву, R“, and IF,, respectively. The Ry is, 
naturally, the subject's attempt to repeat R,; В, is not an attempt to 
improve upon R, ог ап attempt to relearn R;. Indeed, if R, is in error, to 


v 
R, IF Ro IF R 
ejl пе С 
Training Recall 


Critical events of memory 


Fig. 3. Identification of the two major events ofa [7^ DAS and the three major 


events ofa trial of recalling. (From Bilodeau & Levy, 1 
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repeat it is to remember an error. IF, stands for the панна е 
" is the first unguided movement toward the alternative pla M 
eo p othetical example to illustrate the notation, for the thre 
E is pm use 20° and 30° as Targets 1 and 2, respectively. Suppose 
ee bject moves to 17° for his blind selection of target and the exper 
mie tells him that he has moved to the wrong target, that z я n 
by 10 units. During Recall, the experimenter can request ( id B 
which case the subject should try to repeat 17° as best he сап рет - 
achieving 18°; (2) IF,, in which case the subject should try to жое 
“low by 10 units" or —10; and (3) В“, and the subject should move = 
lever toward 30°, perhaps achieving 32°, Б. calls for урен: ph 
sponse previously identified by the experimenter as in error, R — 
for executing a free response previously performed under guidance, 
and IF, calls for repeating the experimenter’s IF about R, and R^. 18 
scoring tracking behavior, on the other hand, the recall of IF and R 


has not been requested. Only the reading-out of the correct response 
over several trials is called for. 


Figure 3 should be use 
trial comparisons for thi il. One should examine the 
figure with the idea that learning is an increasing consistency in 
repeating the required response, and forgetting is a decreasing con- 
sistency in repeating the response, Relating the individual events of 
the recall trial of those of the training trial and to each other is Eis 
general objective. To take one problem, will the subject’s recall of R 
depend more upon (a) the recalled feedback (IF,) or (b) the adminis- 
tered feedback (IF)? Most readers would answer correctly. We do per- 
form more in 


accord with what we remember to be correct and incor- 
rect than what was actually so, 


The levering data show much for, 
vided the data are examined in the 
ence between the average 
small ones, a finding 
many years. Yet in le 
means can rem 


d by the reader to make inte 


rtrial and intra- 
s will be usefu 


getting of this simple skill, pro- 
right way. If we look for a differ- 
Scores of Training and Recalling, we find 
consistent with earlier studies of the mean over 
Ptive statistics we were told that 
major changes occur in the consist- 
distribution to another. A 
scribe the major change 
between distributions of scores, Certainly fo 
phenomenon than implied by the finding t 
fewer responses in recalling than in training, 
over time might well be evidenced or perh 
trend. 


aming our descri 


ain constant while 
ency of scores from one lso, the mean may 
vary, yet still fail to de s occurring within and 
rgetting is a far richer 
nat a subject averages 
A systematic error trend 
aps even a random error 
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| A. MEASURES OF MEMORY 


| Changes between two arrays of scores such as produced by one trial 
of Training and by one trial of Recalling of many subjects can be mea- 
sured by the mean, variance, and correlation. A change in one, two, or 
all three of these statistics can signify that forgetting is taking place. If 
S subject correctly anticipates Items 1—4 of a 10-item list during Train- 
' ing, and Items 5-10 during a trial of Recalling, his Recalling score by 

simple tally exceeds that of Training even though there is no overlap 

in the items produced. Though this example is extreme, it brings out 

the paradox associated with merely counting the events of Training 

and Recalling. The subject in question can be said to remember more 

than he learned (2 items more) or said to remember nothing (no items 

of Training repeated in Recalling). In levering, when the mean of Ry is 
| equal to the mean of R,, we must not assume that the responses were 
repeated. Perhaps, not a single one of them was since the mean does 
| not imply anything about repetition. If memory is to be viewed as per- 
sistence and forgetting as inconsistence, statistics of change and 
communality ought to be used. 
. Figure 4 illustrates hypothetical cases and was made to show how 
forgetting may occur without changes in the means. In (a), the distri- 
bution of the first response of a large number of subjects is shown 


Ra 


| 
(a) 


esponses where many subjects attempt to 


tting leads to 
tting leads to an increase in variance, 


ү Ы (a) R: represents a distribution of r 
ШЫ. their prior responses (R,). Here, forge 
i an and variance hold constant. In (b), forge! à thea 
Put mean and correlation hold constant. (From Bilodeau & Levy, 196 $i 


a correlation of zero, but 
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under the label R,. The distribution labeled К, represents the 
of each subject separately to repeat B. The 
happen to four hypothetical and inconsisten 
do so badly at recalling R, that the correl | | » 
rays of scores (R,-R;) falls to zero. Of course, a portion of this change ir 
time is to be attributed to experimental error and some other portion 
to forgetting. By comparing the two distributions of the figure still a 
ther, we see clearly that the means and variances remain unchanged 
and insensitive to the forgetting taking place. 

Figure 4(b) represents the hypothetic. 
ance, no change in mean, and no chang 
jects as a group are especially 
remain the same from T. 
standard deviations or 


about what is changing and by how much. 

The ideas illustrated in Fig. 4 show memory treated in terms of re- 
Sponse consistency, It is for this reason that the more frequent use of 
any other statistic that will describe con- 
istency has been ur 
applied to motor-skills data where the magnitude of the 
error of response is calculated as a matter of course. When variances 
and correlations are not calculated, valuable information about pro- 
cess may be lost. 


attempt 
arrows show what might 
t subjects. In short, they 
ation (r) between the two ar- 


al case with a change of vari- 
e in correlation. Here, the sub- 
inconsistent, yet z scores and means 
raining to Recalling. Only a comparison of the 


variances of the distributions would tell us 


variance, correlation, or 
sistency and lack of cons 


ged. This recommenda- 
tion is easily 


B. DATA 


Figure 5 shows 


an example of how th 
by plotting the ma; 


€ forgetting of R, is measured 
£nitude of R, against the magnitude of R,. The scat- 
ter plot on the left side of Fig, 5 shows forgetting after a 20-minute re- 
tention interval; the one on the right, showing even greater deteriora- 
tion, is for a 6-weel period of layover, In 6 weeks, the correlation (7) 
dropped from .74 to .20 indicating that 4 great deal of common vari- 
ance has disappeared. 

Figure 6 illustrates the 
"What happens to the vari 
the first over time?" In 6 
tors of 4 or 5, and 
acceleration. 

Figure 7 shows how IF adminis 
days after its administration, The 
little there is in common betwee 
number remembered. For ex: 


be —297; that is, the experimenter told с 


use of variance, 
ance of the second 
weeks’ time, 
› as usual for Je 


The question is simply, 
response with respect to 
the variances rise in size by fac- 
vering, the variances take a positive 
tered verbally has been forgotten 28 

is about .30, showing how 
n the number administered and the 


me subjects they were “low 
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400 | 20-min. recall L 6-week recall 
r= 74 r=.20 
350+ L 

зоо F E И 
250+ E = ё а 


гоо — 


150 F 


Magnitude of second response 
. 


100 + 


4 zii si i 
50 100 150 200 50 


Magnitude of first response 
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Fig. 5. Scatter plots showing the deterioration of R, with respect to В, after 20 minutes 


and after 6 weeks. (After Bilodeau & Levy, 1964.) 


by 297 units” and that a month later four of them remembered IF 
as follows: *—300," “+297,” “low,” “I don't remember," respectively. 
Forgetting feedback has several aspects, including changing the abso- 
lute value, changing the sign, recalling the sign but not the number, 
and not responding in kind. Incidently, the levering recalls (R, and В“) 
are strongly related to the value of IF». The associations among the 
different components of recall are an important phenomenon of recall 
and vary in strength with the length of the retention interval. This 
phenomenon suggests many ideas, including the one that the subject’s 
memory for one event (A) can be altered by administering a reminder 
of another event (B). That is, if we can change a person 5 recall of B, 
ave we changed his recall of AP | 
of ras a dependent vari- 


Figure 8 was made to illustrate the plotting sad 
able. The correlations between R, and В» remain high and stable 


around .75 for at least 2 days of retention and then fall rapidly. At 6 
b rides the value is near .25, the variance in common having declined 
50 percent: i S 
age points. ы А А 
The analyses of consistency of levering in Figs. 6, 7, and 8 from 
raining to Recalling have shown that individuals become more vari- 


able over time and that they change position relative to one another. 
Both of these changes occur in a lawful way. The means also change, 
but they do not appear to be the most important measure for levering. 
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Fig. 6. An illustration of increasing variance in the recalled response as a a adn 
retention time for response repetition (В) and response alternative (R^). (After Bilodea 
& Levy, 1964.) 


closely how a given ass 


C. ANALYSIS OF SHAPE 
The curves shown i 
from Ebbinghaus data 
under relearning ; 
of repetition was plotted on t 


n Figs. 6 and 8 are 
as in Fig. 1? Of co 


*The shape of the curves in Fi 


gs. 6 and 8 is una 
Logarithms were used so that b 


ffected by 
oth ends could be 


taking the logarithm of time. 
well seen 


by eye. 
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Information feedback administered 


Fig. T 

cda Information feedback recalled (IF,) has been plotted against information feed- 

е DR неа. (ТЕ) for 60 subjects verbalizing a number anda sign. The X’s repre- 
he subjects who recalled the wrong sign. (After Bilodeau et al., 1962.) 
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hand, there has been criticism of the variance and correl 
and the student 767 а to refer to Bahrick (1966) 
asi igs. n p | 

o dm S ne consistency from one moment to the sist 
is known, we have, in effect, an estimate of the amount of за 
quired and so are їп a good position to set up a retention е А г 
ing done this, we pn ec ү таас questions better. 
stion is the simple one: what h 

з er we have established a given level of consistency? We Е 
seen from Ње lever series and its data that the answer is: nothing 
much happens over the short term, th 
riorates. In other words, forgetting on the lever is slow at first, then 
proceeds faster and faster; much later, it seems plausible to suppose it 


€ left. On the other hand, if we are 
is upward because with time there is 


ation plots, 
for objections to 


appens to response consis- 


a great deal of lever data, Bilodeau and Levy (1964) 


Looking back on 


they saw, First, some forgetting 
fore the first retention test, Thi 


and 8 we can find what 
seemed to have taken place even be- 
5 early forgetting was called Stage 1. 
Second, the later, negatively accelerating kind of forgetting, they 
called Stage 2, Stage 2, for our purposes, is the more important or 


extensive period and it is most unlike the Ebbinghaus curve in that it 
is bowed in the opposite direction, 


In the theoretical curve illustrated in Fig. 9, the intercept (Y) has 
cen arbitrarily fixed at unity so that at ty recall is perfect. Recall is 
at (a) the ratio of close-by variances (Ru/Re) 8 
ation for Ry with R; is unity. This value of unity 
ls us how much learning there was prior to the 
mmunality in variance (1?) between Training and 
reby increasing its use- 
corresponding to t and 
tells the amount of variance 
-T0, for example, r?— .49 and 
variance in common. 
erately interpolated between 
nts illustrated in Figs. 6 and 8 
even when the interval was only 3 minutes long. These activities 
underlie Stage 1. АП subje their gtip on the lever, moved 
the resting arm away from the top of the lever box, changed foot posi- 


s. In the case of r= 
g have 49% of their 
ctivities were Чень 
ng in the experime 
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Bilodeau and Levy. The longer, solid 


Fig. 9. Two stages of forgetting hypothesized by 
f period called Stage 1. (After Bilo- 


section is called Stage 2 and is preceded by a brie 
deau & Levy, 1964.) 


circumstances the correlations were about 70. In an earlier study 
Some subjects did not disengage themselves from the training envi- 
ronment and these correlations were up over .90. The interrupting 
acts associated with moving away after the execution of Ri probably 
Were responsible for the correlation dropping about 25 units and 
nearly doubling the variance, an hypothesis later deliberately 
checked out by evaluating disengaging and nondisengaging treat- 
ments (Boswell & Bilodeau, 1964). Disengaging the subject could 
Produce (a) responses that interfere with the recall of Ri, or (b) 
Changes in postural and environmental cues used by the subject to 
reproduce R, more exactly. If the changes in stimuli and responses 


associated with disengagement took rather sudden effect and then no 
more, Stage 1 could be explained as a warm-up phenomenon or as à 
loss of set. Posner (19672) has also been able to manipulate short-term 


memory on the lever by having the subject classify digits during brief 


Interpolated activity. 

Perhaps on occasion the retention curves of rote memory for verbal 
materials have also been dealing with Stage 1 through the action of 
disengagement or loss of set. Stage 1 might also be deepened by 
Proaction, as supposedly happened to Ebbinghaus, who abused him- 
self with the repeated learning of many different lists. Data plotted by 
Keppel and Underwood (1962) in verbal retention suggest the con- 
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T€ -— М 
bow to be absent when proaction is a minimum and а e 
Tu iban indicated that short-term memory can be good when the rig 
ә А 
ircumstances obtain. | D | 
ы lying along the concave Ebbinghaus function are go 
lained by referring to exponential-like decay processes. а 
ано is popular and seems natural because so many differe 


onential function. Stage 2 is 
boration and rationalization. 


of a car can be used for an anal- 
ability over intervals t and At. 
ing and that no failures at starting 
he probability of success after the 


Wwe assumed a relatively troublefree start with the 24-hour situation 
and expect trouble the longer we wait. 


Stage 2 amounts to a si 
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l. Proaction: past experiences can act upon established response 
reliability, not necessarily immediately and totally as suggested by a 
rues ye but corrosively and progressively as suggested by con- 
ee in the curve. The reason might be that the probability of en- 
b ve a sources rises in time in a fashion analogous to 
X кое: i е accumulation of chance events. The interference need 

Accom but may even be delayed to the point of recalling. 
ot fus effect of new experiences upon response con- 
de rm a ished in the past is not necessarily total and imme- 
that ^ ut can be rather slow and accelerating. The reason might be 
isa E remp. of encountering retroactive sources rises in time 
m" ion analogous to the ogive-like accumulation of chance 
Mim n Again, we see that the source may not be encountered right 

earning and its effect may not be felt until recall is underway. 

Here is a retention problem for the reader to think about. Suppose 
Our subject is an amateur meteorologist interested in hurricanes in the 
North Atlantic, learning their names fairly well, and following tracks 
for several seasons, including the year 1970 in which we will take 
special interest. If it is not reasonable to believe that almost all the 
names will be forgotten upon the close of the season, then what might 
be the events responsible for any forgetting which will eventually 


take place? New names cannot be the responsible agent until the ar- 
ly stored in 1969, and even 


rival of 1971 series. Do the names previous 

those reaching farther back, have their greatest effect right away, i.e., 
while 1970 names are in store between 1970 and 1971 and yet to be 
read-out? Can any effect be ascribed to time qua time? Is it likely that 
much of the subsequent forgetting of a proactive nature will not take 


place until attempts to read the 1970 names out of store are made? 
dicate that suggestions (1) and (2) 


There are no compelling data to in b 
above on pro- and retroactions are correct. We can anticipate other 
models which could account for the various shapes of retention curves 
Now being discovered and it is urged that we begin to think about how 
9ne might account for shapes different from the classic one. The fol- 

Owing pages take a much closer look at what happens where events of 
ecalling are manipulated and the application of a model of random 


e 
Vents to explain the data. 


D. REPEATED RECALLING 
ed so far the subject retrieved the event 


d it out again and again. As much 
Ra, but there was no additional 


duled for day 2 and a 


ju In the lever studies consider 
e Once; there was no request to rea 
call weeks intervened between Ri an h 

all for the repetition of Ri. If Re had been sche 
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i +t of the 
ht wonder about the effec 
i -out (Ву) at 6 weeks, we mig! с t n 
bes а бп the later retrieval. That is, what is the effec 
eer aol on a subsequent read-out or is К, 


е does not ordinarily к 
i i ith 
-out unless there is some accident wi 


antial question. The matrix of intertrial correlations 
was used as a point of departure. " 
Reynolds (1952), Fleishman (1953), Jones (1962, 1966), and other: 


matrices for motor-skills leari 
ed learning to stay on ken nm 
paratus. Jones summarizeq and evaluated t E 
literature, concluding that ; pattern of r’s, the — dne 
form, is general] E E types of tasks. In this ш im 
5 most strongly with its neighbors, most weakly wit h th 
i 50 on, as shown неее 
diagonal pattern is obtained un se 
omplex skill. That is, the dominar i 
etter score from trial to trial. Espe 


iar 
naive, were he to repeat an earli 
"ply a partial fı 


ating an error, Rath 


response, it would ir 
ject would be тере 
of the subject is to 
Maximize time on t: 
after learning h 
have gradually 
sponses will be 


as taken place 
arrested and 


; Tulving, 1964). E 
» İs the key word for the lever 
series of retention studies. It is į 


9 distinguish between kat 
ling (reading-out 9r retention testing) an 


training), the repeated 
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Table I 
MATRIX PATTERNS FOR ACQUISITION AND RETENTION TRIALS 


РЕИНА S UNS L MMMMOV wena iN ura me ane 


Superdiagonal form 


Xx X Xa X, 
x, Med » Lo 
х, n 
Xa Hi 
Monotonic hierarchy” 

X, X: X X, 

X Hi > Med 
х, i 
Lo 


X, 


а 
Note, for example, ХХ, > Xy Xa. 


th no improvements required and 


recalling referring to repetitions wi 
vements with no repetitions 


the repeated practice to a series of impro 0 
required. In an experiment on the effects of repetition qua repetition 


(Bilodeau et al., 1964), the subject was instructed to read-out the train- 
ing response (now to be called R,) not once, but four times. The reten- 
tion intervals for successive repetitions (called Rj, Re, Rs, and R4) were 
3 minutes, 20 minutes, 2 days, and 6 weeks, respectively. 
. The resulting pattern of r's is shown in the lower half of Table I, and 
it was a curious one, the monotonic hierarchy. Neighboring trials do 
not correlate highly, except for the earliest repetitions, and the last 
two terms of the series produce the lowest r. According to Jones 
(1962), the monotonic hierarchy cannot be rationalized in the same 
Way as the superdiagonal pattern. The latter he interprets as the conse- 
quence of a process of simplification in the required skills. That is, 
Progressively fewer factors are required to explain the variances over 
à series of learning trials. But for the monotonic hierarchy, only one 
factor is required from the start and less and less of it is used to explain 
later attempted repetitions. The data showed the one factor to be the 
recall of R, (note, not Ro), and signifies that the first read-out is the es- 
Pecially critical event. Its progressive dilution was attributed to in- 
creasing amounts of accumulating random variance as discussed 
earlier in connection with Fig. 9. Thus, it was concluded that the re- 
Peating process was neither the same as nor the inverse of the learn- 
ing process. The repetition process did not appear to be one of 
unlearning, 

The conclusion, it should be not 

ased on lever data for a repetition 5 
and an earlier reserve of rotary-pursui 


iced, is not directly tested. It is 
chedule during retention testing 
t data (and the like) for an ac- 
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uisition schedule. It is not certain that repetition was the sole vari- 
ablo responsible for the monotonic structure. The conclusion is more 
an interesting conjecture than a well-established principle. In Chap- 


ter 5 Jones shows that the correlational structure varies from task to 
task and condition to condition. The su 


obtained from training data. 
The subject of patterns of r seems especially promising and [ш 
inquiries should start by looking for the training, interpolated task, ащ 
retrieving variables that change the patterns. There are few experi- 
ments in the area. One of them (Bilodeau & Blick, 1965), intercorre- 
lated retention trials for verbal materi 
monotonic. Since sources of int 
into the reading-out phase by the experimenter, it was possible to 
conclude that Progressive complications characterized the retention 
process. 


perdiagonal form is not always 


could be that forgetting 
r example, a subject might recall the 
, 300 over four successive read-outs) is 
orgetting levering, which was said to be domi- 

Om variance, However, not much is 


е explained now. Again we see the need 
inquiry where the delibe 


trials: repeti arlier response, re- 
formation feedback. It was concluded that 
n, and othe of change are good indices 
amount of forgetting taking place. This chapter 
an issue of persistence 


sponse alternative, and in 
variance, correlatio 
for expressing the 
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ing and attributable to accumulating variance acting through proactive 
and retroactive sources. Theoretical explanations for retention curve- 
forms which do not resemble that of Ebbinghaus were elaborated. It 
was speculated that interference processes are especially active at 
producing retention phenomena during reading-out phases. 


IV. Stimulated Recall 


A. HISTORICAL COMMENT 


Research on retention with lever-positioning skills actually began 
with the study of the effects of delay of verbal feedback on learning 
lever positioning. This project grew into studies of the consequences 
of infrequent responding and infrequent feedback, effects that belong 
to the domain of forgetting. The impetus toa series of studies of mem- 
Ory for words came from a demonstration that the lever experiments 
could be done with verbal materials. This section deals with the ver- 
bal analogs as well as with levering. The knowledge gained in the 
motor domain has been usefully applied to th 

The first word study was innovative in several respects (Bilodeau et 
al., 1962). It is called the sweet-ugly study because the two words 
sweet and ugly were shown side by side for a few seconds on a screen. 
In the instructions the subjects were told, “One of these two words is 
Correct, write your selection on your card.” The word the subject 
wrote was defined as his R,; the word witnessed but not written down 
Was defined as the alternative ог R^. Feedback was administered 
When the experimenter said, "You chose the correct (or wrong) word. 

he Subject was not explicitly instructed to learn or remember sweet, 
Ugly, or correct (or wrong). Five weeks after training, the experi- 
menter asked for the recall of sweet, ugly, and correct or wrong, and 
found that all three events were forgotten to some extent and that the 
recall of one was dependent on the recall of the others. Figure 3, pre- 
viously used to illustrate the use of the lever, can readily serve to 
Schematize the experimental events and the design of the sweet-ugly 
Study, 


The swe i ign made goo 
et-ugly experimental design se 
recall. Two of the original three events Were readministered by the 


experimenter during Recalling and only after this briefing was the 


Subje i For example, in one сагы 
Subject asked for the third event. chose the word sweet and 


Instructi ау ou 
ons were, "Five weeks ago, Y' M ‹ 
you were correct. What was the other word?” In this way memory for 


e verbal one. 


d use of stimulated 
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ect word, 
example above, R“, the aae capt IF. 
subject has been reminded - ‘stimula- 
e Systematic variation of reca is where 
tion is reproduced in Table П. It shows the eight Esai ir | (free 
Se range from unstimulated reca events 
ed recall. Rows 1,2,3 show two Row 
‚ 5,6 show one-event rss Rows 
shows none; and Row 8 shows three. The Sweet-ugly study use 
erimental variable. 


Table II 


A CLASSIFICATION OF THE POTENTIAL TYPES 


OF FORGETTING SITUATIONS* 
Event reminded Potential forgetting 
Ry IF n 
R,, В“ IF 
n R, IF 
R, R“, IF 
IF R,, В“ 
None R,, R“, IF 
R, R5, IF 


None 
“After Bilodeau et al. (1962), 


One reminder was us 


as 1958 
r study (IF, Row 6) as early м 
(Bilodeau & Bilodeau, 1958). The experimenter had said 


> 


; роп 
ronment. It has been found that the amount of bearing ес 
the strength of association between events, That is, the asso 
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e critical knowledge on 
of association struc- 
are bound together 


structure of the stimulus turns out to be th 
one to base predictions about recall. The study 
Eo is a search for rules which show how events 
ow one event entrains another. 
do URS Ri, R^, and IF become interassociated during training 
раса ж am m close temporal contiguity. As in learning a list of 
rine ee are two types of associative processes occur. 
A n aneously during the acquisition phase: (1) the learning of 
dign. squa eant (responses or items) and (2) the learning to asso- 
ior i vanis with one another. After training, both types of learn- 
Site eve iae susceptible to interference. If the subject is reminded of 
DELIS tos two), the remaining event (or events) is more readily 
tn d as the experimenter takes advantage of (or cues) the asso- 
recall кз among events, hence the presumption that the 
In сз der event is partly contingent on the recall of others. 
n, mena » ated recall, a reminder of В“ and of IF can serve to arouse 
imd s^ стори the connections К“ "i Rə and IF > R». An К, is not elic- 
GE his way in the typical stimulus impoverished free-recall en- 
tis eyes In the free-recall experiment, events R^ and IF do not in- 
terel ^s precede so explicitly and the ordinary antecedent to Б, is 
an 18 experimenter s call for it to be read out, no string of explicit 
енны д bu stimulation being used to assistin the call. In the game of 
language jam pti television, almost any common word in the 
Gan т нар е retrieved by the subject after the judicious applica- 
шетен y нв ог three stimulus words by the speaker. It isa very 
dst p Outside of the laboratory, people retrieve informa- 
ali Mis кре ofa great deal of contextual background as well as 
a iple attempts. In the laboratory this background has been 
ore often held constant than varied, and as a result, information 


about context or stimulation is scarce.? 
In the recall of levering, the problem of stimulation has been ex- 


pressed in this way. What happens if the forgetting of one event is 


he retention of R” and IF in more strictly 
lysis of feedback, in particular, has been 
h the response term. In lists of 
lus term x, y being ordinar- 
ago that y serves as a 


E 
ye fone remains the necessity of measuring th 

rbal contexts than yet accomplished. The ana 
overlooked because feedback is so often confounded wit 
paired associates, for example, x-y is exposed after the stimu 
ily considered the response term. Indeed, it was observed long 
confirmation as well, but in fact, its informative aspects have been neglected. 
inistillianother type of experiment, the R, term represents the correct response from 


one of several alternatives as with a multiple choice test. If items X, Y, Z were presented 
simultaneously, and the subject chose Z, it would be desirable to observe the forgetting 


of the alternatives (X and Y), and of the feedback (correct and incorrect) and their 
interdependencies. | 
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event (Bilodeau, Levy, 
measured b 


м rati- 
ffect correspondingly more gr? 
udies are awaited. 


weet and ugly were Selected for the first word study E 
ter much vacillation and were finally Chosen from many word pou 
because they are not directly associated in word association norms; 
that is, sweet does not ; ke ugly and ugly does not — 
i W interitem association strengt 

was a mistake {ог n the other hand, black and white 
might have been Selected, but they Were rejected because of high as- 
sociation strength, an ent overly high susceptibility to 
effective stimulation, 

If black and 


a consequ 


d as training items, many bin dn 
» White) might be found a year or s j 

ox Xperimenter to begin the retention session by say 
» What was the other word?,” the re- 
nd memory facilitated, White is tha 

i n response to the stimulus blac 
hrough stimulatio 

has changed the task from the di 

of white to an easier on 
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iria as an appropriate recollection. By ascertaining the 
shen à the associations between a stimulus and its responses (and 
dior £ the responses too), we would be in a strategic position to pre- 
^ occurrences of responses with a knowledge of the stimulus. 
Bude du. regard for word-association hierarchies and networks 
em he search for words to replace sweet and ugly. The desired 
been pete among the stimulus and response items of the norms on 
Guan such as those collected by Russell and Jenkins 
of н: с. owever, Russell and Jenkins had not processed the strengths 
e он between their words sufficiently. The details of the 
ioe. is and their uses are the subject of a recent article by Bilo- 
алон E Howell (1968). Let us now briefly examine how the above 
MTS a regulating the events of recall during the read-out relate to 
movements in other laboratories. 
worse reviewing 50 years of work on rote learning, Underwood 
ng а: мушз investigators to focus their attention on the forgetting of 
"ied Р association. Peterson and Peterson (1959) began a train of 
d s involving the retention of one nonsense syllable (a three-letter 
кн made from aconsonant, a vowel, and a consonant) after one trial 
| aining, and the sweet-ugly story initiated a series of motor studies 
nvolving the limiting case for trials as well as events. 

A shade of stimulated recall was used by Jenkins and Russell (1952) 
and Bousfield (1953) some time ago. The former broke up pairs of 
Words consisting of stimulus and primary taken from word-association 
norms and trained the subject with a list containing these terms but in 
randomized order. For example, black and white would appear in the 
Same list, but not as adjacent items. During free recall, they found that 
the subject tended to re-pair stimulus and primary in the read-out, or 


What is called the phenomenon of “associative clustering." It is as if 
the stimulus for constructing or 


the production of one item served as 

retrieving an associate, and so it can be said that the reorganization 
taking place during the retrieving phase is attributable to the subject's 
Providing his own stimulus (see also Deese, 1959). In this case, itisa 
response produced stimulus and is not one under the experimenter's 
direct control. Rothkopf and Coke (1961) used a similar explanation 
for the word order imposed by the subject during the free recall of a 
large number of words of varying associative interdependencies. Free 
recall has always been operationally defined, and that is a good thing, 
for it has become quite clear that a great deal of what a subject will 
recall depends on what he has just recalled or said (Conrad & Hille, 
1958; Murdock, 1963). Cofer (1965) provides a review of variables 
dealing with training materials and how they influence the sequential 
organization of the materials recalled during free recall. 
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In stimulated recall, t 


vr Id re- 
number of ways. For example, S-R, pairs may be split, with the 


s and the stimuli introduced as Ec rl 
aids during the retrieving period (Bilodeau, Fox, & Blick, 19 ing 
ulus is employed during Recalling, not ee 
à paired-associate task. If the rig 


the training words, as can ы. 
ion tests, could be introduced (Blick, 1965). These 
two ideas can qu a search for stimulus rules to a 
ulus rules to produce йайагелсте 
of the word-association process ni 
5 of word association аге indeed effective 3 
foretelling what a Subject retrieves in a stimulated recall environmen f 
word association is an elementary method о 

memory along with free recall and stimulated recall. 

In free associat; ; 


analysis 


to be asked to ее recall, the retrieving ses- 
sion follows a ng with the relevant materials, but the 
stimulus is dropped from the recall period. In stimulated recall, the 

alling and the subject is asked to retrieve 
items exposed during Trai; ` 2€ power of stimulated recall is € 
rived from the preexperimenta] connections between one word and 


А нт A th 
wer can always be increased by training with bo 
terms. 


У years experimenters prefe 
lables because CUC'S were thought t 


se syl- 
tred to work with nonsense sy 
(nearly meaningless). 


© be almost without seus 
During the 1950's, after C. Е. Noble’s (1952) 
pioneering work опт aningfulness, considerable scaling of nonwords 
and words took place and work with common words gradually became 
more acceptable, Various measures of meaningfulness were used to 
predict one thing or another about the acquisition process. Here too 
came the Underwood and Postman (1960) frequency hypothesis about 
recalling which holds that newly learned connections were interfered 


with as older associates Spontaneously recover with rest and take their 
place, words in more frequent 


use producing the most interference. 
This point of view finds an exp 


ression in paired-associate methods of 
training where the stimulus and response terms may be either high or 


low in frequency of use, but where no Special attention is paid to the 
preexperimental strength of association between the S and R terms. 


me 
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ords of the language, for exam- 
ated. 

(1961), have em- 
erimental associa- 


verd hand are frequently used w 

(cwm word norms show that they are weakly associ 
Puri nana including Cofer (1958) and Deese 
ive shes e granny of working with the preexp 
Pointed i ils [ee ges words. Garskof and Houston (1964) have 
relate with r "pe association strength and associative overlap cor- 
caminon rs oe overlap refers to number of associates 1n 
ciation eens d RIA of associates in common. Strength of asso- 
levering dat; d 2 R is the central issue in the discussions of the 
swift and orem 9 the sweet-ugly study. Research progress has been 
анов ae g y successful after suitable quantifications of the asso- 
to the bin ac of stimulus terms (Bilodeau et al., 1963a). The input 
and the ве E was preexperimental information about word arousal 
what өз nd was to use the normative information to anticipate 
The ети " words the subject might retrieve in the recall session. 
matter pria this procedure, however, are well beyond the subject 

his chapter (Bilodeau & Howell, 1968). 


C. IMPLICATIONS OF VERBAL STUDIES FOR MOTOR RESEARCH 
c. Li cdam term is poorly identified in the average motor-skills 
Е his must handicap those individuals who wish to work with 
and ке xs strength or to relate responses to stimuli in any molecular 
SCR er manner. Studies on the lever seem to have made some 
M cuia this difficult problem by identifying Ri, К“, and IF as the 
way = events to which recall events can be related in a precise 
Was i i dde] no basic distinction between motor and verbal events 
obtai -— intended. Rather, the discussion turned on expected and 
chie пе response associates of the training events. No S-R hierar- 
as of associative strength for levering responses are available for 

ysis and it is not possible to run word and levering analogs in any 


Strict sense. 
son ae ee of 
consid oN hierarchies, is in its infancy led f 
hieran TUA M future projects. Probably, a knowledge О several 
Sireum ies will be necessary to explain much variance for any given 

stance in any complex skilled act. The distinction between the 


motor and verbal domain was always thought to involve considerable 
less useful. Chapter 11 on 


ү к now the distinction is even ў : 
eviphast earning and Chapter 9 on information feedback, especially, 
$батбё 5 ae need to use S-R information from more than one 
tonal show that the motor investigator must include more tradi- 

verbal and perceptual stimuli and reactions in his predic- 


associative structures, except for 
and should be given every 
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А rnatively, 
tion equation if he is to explain more of motor behavior. Altern 
to explain response varia 


1, only 
nce, several sources must be consulted, 
one of which is motor. 


D. SUMMARY 


crease in interest in associative нанг 
tures, their measurement and experimental employment. This is е: E 
cially true of verba] learning and memory. Itis not true of motor e 
ing and memory where normative data on associative hierarchies 4 
networks are lacking, Much work lie 
» and stimulated recall. d- 
Until now, variations » response, and information od 
back have been largely to periods of training and inco 
lated training because the fashion during the past 60 years has been 
Stress the learn 


'alling 
; Process. To be Critical, all too often the recal 
period has been treated as if it had li 


essary to regulate th 
ingeniously as 


One way to begin, it was su 


n as à corn 
to elaborate the rules, 
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Transfer of Training 


GEORGE E. BRIGGS 
Ohio State University 


I. Introduction 


A. DEFINITIONS Е i 
to the effects of prior training on subse- 
Н atter differing in some way from the 
i aining. It is of primary interest, 
he training and the transfer tasks 
JI will be the influence on 
along which the two 


Transfer of training refers 
quent performance on a task, ће l 
к utilized during the original tr 
t у i ays that t 

herefore, to consider the ways th cdi 

iffer, and our main concern in Sect н 
transfer of training of the several dimensions 
tasks can differ. А the trainee or subject must 

It follows from the above definition that n eras di 

rst receive training and then be tested seit m retention of skills — 
Course, that the study of transfer also invalt а T 
Опе cannot measure transfer effects Inc oem retention effects by 
e om eet we asp he api termination of original 
using rather short time intervals Бавио 5 £s нуе ч baw 
training and the beginning of ће transfer tas sfer (or operational) task 
ever, one may not begin his work on à transfe 
VA Yedksafter m kasfinished bac f transfer of training that 

It follows also from the above definition 9 is poda uan жт 
the characteristics of the original learning sessions s Ss 
hi i ; formance. For example, the 

ана ар (шерде transfer tèk Po d to influence the amount 
amount of training clearly would be expecte oi 8 
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and 
. " 53), an 
ter transfer task situation (Duncan, 19 


ave an influ- 
of events during training should have an 
ence during transfer. Тһе] 


В. PARADIGMS 


А al designs for 
In the research literature there are several experimental desig 
the study of transfer of training, T; 


e epen- 
n most cases there are two ei the 
dent BEroups of subject an experimental group experiences 
training task and then is 


skilled subjects to the tw 


© groups. Then 
riences the training followed þh 


this A-B, B-A pardigm has been used in several pim 
to be reviewed here, One has to extrapolate from the training um 
obtain an estimate of what such performance might have been att Г 
time of transfer. Such extrapolation js undesirable, and the reader i 

encouraged to util 


" i & 
12е a more adequate experimental design should h 
ever plan a transfer of training study, 


C. MEASURES ОЕ TRANSFER 
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o the performance of a control (C) 


n is А ; 
group is expressed in relation t 
nce on a foretest. 


н : : 
5 za or in relation to its performa 
here are three basic transfer indices: 


E Group — € Group 
B лоор 
C Group 100 (1) 
E Group — Initial C Group. 
T — Initial C Group * 100 (2) 


C Group on Trial N 
E Group — € Grou x 100 
Total Possible Score — C Group (3) 


ations assumes that the b 
ance measure for both groups will increase with practice, such as a 
measure of the number of correct responses. If one uses a measure 
Which decreases with practice, such as the number of errors commit- 
ted, the appropriate terms are reversed in Eqs. (2) and (3). 
The possible range of the transfer indices will vary for the three 
Cases, Equation (1) has a lower limit of minus 100% transfer and no 
upper limit, while Eqs. (2) and (3) can range from minus infinity to 
plus infinity. In reality, of course, most indices are found in the range 
from minus 100% to plus 100% transfer. A negative transfer index 
means that whatever training experience the experimental group re- 
ceived, it penalized that group as its transfer task performance was 
less proficient than the control group which received no prior training. 
his is a situation wherein “nothing is better than something,” a 
rather incongruous circumstance at first glance. Negative transfer has 
been found only rarely in skill performance tasks. Most often one finds 
Some amount of positive transfer, and tlie question of interest, then, 
‘comes how much positive transfer was obtained. RA 
Equation (1) appears to be useful primarily when one is interested 
only in relative performance at the time of transfer for the E group. It 
has the disadvantage of being specific to the scoring units of the basic 
Performance measure used, and different basic performance measures 
would not give compatable transfer indices even on the same sub- 


jects. 
Equations (2) and (3) are somewhat more desirable indices in that 
po only is E group performance expressed relative to a control group, 
ut also performance is expressed relative to some meaningful anchor 


Points [initial and subsequent C groug gxformanceoyels ta the сазе 
the case of Eq. (3)]. Gagné et al. 


ee (2), and a total possible score in 
А) favor Eq. (3) as that transfer index is independent of the basic 
performance scoring units [a problem with Eq. (1)] and it is indepen- 


Each of the above three equ asic perform- 
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ing à 
mitting * 
operational task. Further, Eq. (2) has the advantage of per 
clear expression of the 
relative to th 


ing Situations: i 


rela- 
> Output variables, input-output 
tionships, and feedback variable 


5 spective 
5. The reader may gain a perspe 

of these task Variables p 

Which indicate 


model shown in Fig: 
$ the locus of 

е Servo model has been quite usefy] in 
imposed on a Sabi 


Я jon 
describing the situat 
subject in 4 tracki 
Subject views 


the 


can be varied by i 
the box labeled “ i 


conveys some kin 
to the display so 


difference between System input and 5 
called system error, 


е ining in 
Eg rily with transfer of training "s 
g is basic to Vehicular control, and since ours і 
5 are ubiquitous and therefore of in 
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Input- output 


Input variables relations \ Output variables 


System | | 

Input System 

—— Visual Human Control Machine output 
display operator device controlled 


Feedback loop 
L 


Feedback variables 


Fi 
E 1. A servo paradigm to describe human control of a closed-loop (feedback) 


System. 

s. Now, input veloc- 
aspect of the signal 
rs hold one of the 
f the input signal 


more complex signal 


bles: the frequency 
cally, experimente 


the other aspect 0 


oe signals and then with 
dd a function of two variable: 
Ewa its average amplitude. Typi 
is variables constant and vary 
manipulate its velocity. 


1. Input Frequency: Simple Signals 
| We will consider the most simple case first: amplitude is held con- 
Stant while the speed of a constant-rate input is varied from training to 
transfer. Ammons, Ammons, and Morgan (1956) utilized the rotary 


Pursuit apparatus and varied the speed of target rotation from 40 to 70 
Tpm. There were four target spee training and four during 


ds during 
transfer with different groups of subjects under each training-transfer 
combination. The results, as revealed by Ea. (2), are summarized in 
Table I, i 
Note that high positive transfer occurred when the training to tran- 
er sequence was from lower to higher speeds, and that low positive 
d when the sequence 


(and one negative) transfer indices were obtaine 
Was from high to low. Lordahl and Archer (1958) observed that Am- 


Mons’ subjects received very little training prior to transfer, and exam- 
Ination of the Ammons data shows that very little improvement in per- 
ormance occurred over both training and transfer for two thirds of the 
Subjects. One may conclude, then, that the Ammons results are valid 
only for the initial phase of learning. What about the influence of sim- 
ple input velocities for transfer at later stages of skill acquisition? 
_Lordahl and Archer (1958) provided their subjects with more exten- 
Sive training prior to transfer. There were three groups: the control 
group experienced 60 rpm throughout, while one experimental group 
(40-60) trained at 40 rpm and transferred to 60 rpm, and the second 
experimental group (80-60) trained at 80 rpm and transferred to 60 
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Table I me. 
TRANSFER INDICES [Eg. (2)] ков THE CONDITIONS OF THE 
AMMONS et al. (1956) STUDY 


Training Transfer speed (rpm) 5 
speed (rpm) 40 50 60 - 
30 96 88 E 
po 34 96 a 
85 28 25 
70 


—13 53 85 


% 
rpm. Both experimental groups yielded low positive transfer B4 
and 47% for groups 40-60 and 80-60, respectively. Apparently sults, 
two groups did not differ at transfer; thus, unlike the Ammons kei igh 
there was no evidence of differential transfer, i.e., transfer from E to 
to low speeds was not significantly different from transfer from 10% 
high speeds. 

It would appear, then, 
transfer as a function ofi 


not later. Further, from t 
sive training with an ; 


ferential 
that with simple input signals differen 
ày occur early in eem n- 
ilts it appears that more ex sfer 
other than that used in trans ta 
is detrimental in the rmance for both experimen ed 
groups was inferior t 0l group. We must restrict pe 
conclusions to situations 1; here input velocity is variec ; 
simple input signal next, differential transfer is fou! 
with complex input 


5 even after rather extensive training. 


2. Input Complexity 


the two hands. The basic 


device. During eight training trials two g 
simple circular course, while anothe 


plex clover pattern. One group in each pair of original groups visu P 
ued to track with the same input pattern for an additional eight tria 
(and so became control groups), while the other group in each pair = 
original groups transferred to the other Condition (and so became € 
perimental groups). | Me 

Initial transfer from clover to circle input pattems resulted ih por 
positive transfer in terms of total time to complete a circle, s 
transfer from circle to clover patterns produceq only 77% positi 5 
transfer in terms of total time to complete а clover pattern. These pis 
ilies are significantly different; therefore, here is a case wher 
i S а 
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pu eon difficult to easy versions of a task was superior to that 
Holdin SS Ic versions. This finding has been confirmed by 
йы DE : 962) who used four different bandwidths of random signals 
0-0.58 is inputs to à one-dimensional tracking task: 0-0.29 cps, 
аный iced cps, and 0-1.16 cps. We will designate these as 
таат г" 1 through 4, respectively. Note that as the bandwidth is 
published the complexity of the input increases. Holding’s data were 
indices E in graphic form and the present author read the transfer 
which ; Золи Holding’s Fig. 3 (1962, p- 402); thus, these indices, 
eee t in the present Table П, are only approximate. 
фора ib. e noted that as with the Jones and Bilodeau results, transfer 
Table E more to the less complex inputs (the lower left section of 
inputs I) was superior, in general, to that from less to more complex 
EA s (the upper right of Table ID. We may conclude from these two 
m zs. of input complexity that the subjects under the more complex 
conditions were able to learn most or all of the skill components 


erent 
equired under less complex input conditions, but the reverse was not 
Holding (1962) proposed a formal 


ale bie the differential transfer. c l psec 
that if or this situation: the principle of inclusion. The principle states 
чен, the training task includes most or all of the requirements pre- 
Ys in a subsequent transfer task, then transfer performance will be 
wii but if this inclusion is not present, then transfer performance 

be low. Obviously, the clover pattern used by Jones and Bilodeau 


included all the characteristics of the circle but not vice versa, and a 
Holding contained all the frequen- 


паве bandwidth signal used by £ : 
‘ies of a lower bandwidth signal but not vice versa. Thus, the differen- 
tial transfer found in both studies is consistent with the inclusion prin- 
ciple. It is worth noting at this point that when the inclusion principle 
holds for a task, one would expect differential transfer favoring the 
difficult-to-easy order of tasks because it is the difficult task that 
is d includes the skill components to be required in the easy trans- 
er task. 


Table II 
APPROXIMATE TRANSFER INDICES [EQ- (2)) FOR THE 
HOLDING (1962) 


CONDITIONS OF EXPERIMENT I OF 
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3. Input Amplitude 
We now have examined tr. 
gle frequencies where th 
than that at transfer (Lor. 
and (2) with an input с 
and/or transfer (the cl 


z sin- 
ansfer (1) with an input consisting peu 
е training frequency was higher 7- 1956). 
dahl & Archer, 1958; Ammons et al., pane 
Onsisting of several frequencies at - d all 
Over pattern of Jones & Bilodeau, 1952; s ndis 
It is clear that each of these ot fre- 

elocity since velocity is a function of inpu cach 
amplitude is held constant, as it was within eac 
of these four studies 


ment, Lordah] ang Archer (1958) used the erii 

ation speed (and thus input frequency) set a rn- 

ied the radia] distance from the center of the nn 
i ree groups transferred to a condi 


oup 
as set 3.5 inches from the center; the control gr 
trained under this s i 


1 
€ control group (and boti 
experienced an intermediate o 
ices were both positive and were = : s 
-medium and high-to-medium input conditions, 


roups at transfer) 
velocity. The transfer ing 


there is no evidence for diffe 
(close to 100% transfe 


In his second experiment Holdi 
tude conditions with 


е two groups with a 
> cps) and another two groups were 
run with а higher bandwidth input cps). His results are sum- 
As you can see, differentia] transfe 
conditions. However, note that the Pattern of this ате tansia 
was completely different for the two ` 
bandwidth signal superior transfer 
higher input amplitude (velocity) с » while just the reverse 
occurred for the two groups who tracked the higher bandwidth signal. 
How can we account for the differentia] transfer found by Holding but 
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no 
t by Lordahl and Archer, and why should the pattern of differential 
o decisively depending 


rie "i the Holding experiment differ s 
First | requency range ofthe input? 

S St it should be emphasized that the Lordahl and Archer inputs 

ized y simple and completely predictable, whereas Holding uti- 

de omplex, random inputs. Thus, the Archer subjects could pre- 

e amplitude and rate of their inputs completely, but the subjects 

1 sense: they could 


us Е A ач 
oe by Holding could predict only in a statistica 
arn the average velocities and accelerations and base some predic- 


Чо, Of future response requirements On this information, but such 
L es are far from the certainty enjoyed by the Archer subjects. 
task ems logical that differential transfer would not be found with a 
Pn So simple and predictable as that used by Lordahl and Archer, 
joel after substantial training. With sufficient training on a sim- 
inci one can learn as much under one condition as under another, 
apparently the Lordahl and Archer subjects did just that. With a 
шше complex task, however, it is likely that one would learn more 
er one condition than under another, in D 


art because there is more 
to be learned, Thus, it is not surprising that Holding found differential 
transfer, but why the difference in pattern of transfer for the two band- 
Width conditions (see Table IID? Certainly the principle of inclusion 
holds for both bandwidth con smaller amplitudes occurred 
in both amplitude conditions, but only the larger amplitudes occurred 
in the high amplitude condition. Therefore, one can account for the 
pattern of differential transfer for the high bandwidth condition by the 
inclusion principle. 

To account for the pattern of differential transfer found with the low 
bandwidth input, Holding (1965) suggested a hypothesis which he 
called performance standards. When working with a very easy task 
the subject will develop fairly high performance standards. If these 
high standards can be carried over to а “difficult” transfer task, this 
Should promote good performance on the latter, thus favoring an easy- 


ditions: the 


Table Ш 
TRANSFER INDICES FROM EXPERIMENT 2 
or HOLDING (1962) 
Training to transfer 
bandwidth Low to high High to low 
141 73 
121 


Low 


High 
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this same principle hold for the hi 
argues that it should not: 


: able to 
amplitude, low-bandwidth condition, and thus they were not a 
adopt high performance < 

tion. 


n (see Table III). 
4. Display Features a 
! „ег 2 
Typically, research on tracking Performance has utilized ШЕ їп 
pursuit or a compensatory display. Two moving elements gaan 
the former: à target element Shows the input signal, and a e deli 
shows the output which the subject Senerates in his attempt to m4 
the target element. O 


xe 
na Compensatory displ i 
element (the target), a 


es a 
ay one observes n error 
я in response to syste! 
(the difference betw 


: опе 
Signals). Obviously, ^. 
Suit than from the comp 


lays, and vice versa? 

: ispla 
trained subjects on one pu nd 
he other display. While they di os 
group, an estimate of C group on the ini 


utilization in Eq. (2), Transfer to the 


mpensatory display than vice 
versa. Unfortunately, Andreas et al. confounded input complexity 
with the display conditions such that the Pursuit display condition 
also involved the more complex input. Th 


erefore, we are unable to 
ascribe the observed differential transfer Only to the display condition 
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or only to the complexity variable. If the results are viewed in terms of 
input complexity, it is seen that the Andreas data are in agreement 
м the Jones and Bilodeau results described immediately above: 
ansfer from complex to simple input conditions was superior to 
transfer from simple to complex. Therefore, we may better interpret 
the Andreas study as supporting the results and conclusions reached 
earlier on the matter of input complexity than as a contribution to the 
understanding of pursuit versus compensatory displays and transfer 
performance. 
таз апа Rockway (1966) provided a 
subie im of display mode on transfer paso 
57 s experienced the same input signal ur 
er; thus, input complexity was not an issue. 
On a pure pursuit display and two groups trained on a pure compensa- 
tory display; one of each pair of groups then transferred to the other 
isplay condition (and thereby are experimental groups), while the 
other group of the original pairings continued on the same display 
Condition as in training (and thereby served as control groups). The 
Tesults showed 100% positive transfer for both experimental groups; 
thus, there was no evidence of differential transfer as a function of 
display mode. 


The authors concluded, t 


less equivocal test of the 
ance. In that study, all 
ing both training and 
Two groups trained 


herefore, that the subjects learned no more 
uring training on the pursuit display than was learned ona compen- 
Satory display. This was somewhat surprising for, as indicated earlier, 
à pursuit display provides more information than does a compensatory 
display. Presumably the necessary information was available in either 
display mode for skill acquisition in this tracking task. 


5. Visual Noise 
m. subjects can acquire su 
isplay to match that skill w 


on from a compensatory 
hich is acquired under the more informa- 


tive pursuit display condition, what will happen to skill acquisition, Bs 
revealed during transfer, when compensatory display information is 
degraded by visual noise during training? Now, it has been demon- 
Strated that tracking performance as visual noise is added 


is lowered S 
to either a pursuit or a compensatory display (Howell & Briggs, 1959), 
so there is little question that such degr: 


adation of input information 

affects performance. But does visual noise affect learning as well as 
performance? 

Briggs, Fitts, and Bahrick (1957a) studied training and transfer per- 

formance in a two-dimensional tracking task with complex machine 

ask. One group trained with a 


dynamics in both dimensions of the t 
noisefree compensatory display, while three groups experienced visu- 


fficient informati 
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; ansfer 
€ System error signal. All groups during iv five- 
lock on the noisefree display plus i by 
the three noise amplitude levels experie 
s during training. h transfer 
the results of both the training and the to three 
free condition, while Nj, No, and N; refer 4 expe 
f visual noise amplitude. Note that Group both 
9n each of the ise c itions 

5 per” 
Groups 1-3 all tra set of conditions. All aden a 
formed comparably during transfer despite the wide and signi 


tude 

cond most extreme noise ОГ 

triking here is that even on t hat 0 

is comparable to Ke in 

t ig. 2 that Group 1 required 60 = the 

Proficiency level an it appears that Group 3 attain lay- 

almost immediately upon transfer to the noisefree disp ing 

ance of Group 3 during tad 

amed as much about the basic trac er- 
» then, that visual noise influenced P 
ing revealed during transfer. 


is particularly 5 


s ts, 
all "fine-tuning" adjustmen а 
get once the large onim ac 
; Only Group 1 could receive 
contaminated feedback on 


+ ise 
Corrections as the visual noi 
or the othe 


ence of visual noise. This led the authors to the 
following conclusions: ко s 


К... is dependent 
upon the opportunity to learn th i 

amplitude corrections and Gf ne 
corrections. However, if practice 


on secondary 
[as in the noise conditions] 


en Overlearning of only the 


to 
= 
ч 
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Fig. 2. Training and transfer performance as à function of visual noise. (After Briggs 
et al., 19572.) 

Primary corrections is sufficient preparation for pu 
in a subsequent task requiring both primary and secondary с01766- 


tions" (Briggs et al., 1957a, p. 386). 


6. Summary 


We may conclude from the above research that transfer performance 


Will vary as a function of input variables only to the extent that such 
variables influence what is learned during the training trials. Perfor- 
mance, as such, may be high or low during training but with no corre- 
lation to transfer task performance: Therefore, it becomes more impor- 
tantto determine what is learned (or learnable) during training than to 
simply seek relationships betwee” input variables and transfer perfor- 
mance. The latter can serve as a first level of understanding transfer of 
training; the former is necessary for a more complete understanding. 
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i senlay. (After 
а noise (Nj) and on a noise-free (№) display: ( 


B. OUTPUT VARIABLES 


al Characteristic. of control devices which 
ГЫ studied to determine their influence on tracking behavior: 
5 mass, and friction, Research reviewed by Bahric i 
city (spring stiffness) facilitates positioning 
influences the Control of the rate of move- 
€ control of 
lomb friction is i 


mechanisms in the subj 
do provide useful fee 
indicated above, 

Thus, we can expect different contro] loadings е епа of 
spring stiffness, for example) to influence tr. 


i А acking performance. But in 
a transfer of training paradigm, will we observe E e Anea 
a function of control loading? 
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1. Coulomb Friction 

Despite the fact that coulomb friction 
ack sense, it has been studied in several transfer experiments. Muck- 
ler and Matheny (1954) required subjects to track a simple sine wave 
input with a lever that could be loaded with 0 (actually 2.5 oz), 2, 4, 6, 
4, 10, or 12 Ib of coulomb friction. There were seven groups of sub- 
jects, then, and all transferred to the 6-lb condition following training. 
The authors utilized Eq. (1) for their transfer indices and found 86, 91, 
90, 93, 90.8, and 89.7 % positive transfer for Groups 0, 2, 4, 8, 10, and 
2, respectively. Of course, Group 6 obtained 100% transfer as the 
Control group. There were no significant differences among groups: 
thus, high, nondifferential transfer was obtained for all experimental 
groups. It would appear, then, that coulomb friction did not differen- 


tic 7 

ially affect transfer performance. | 
That this is an erroneous conclusion is indicated by a subsequent 
5 : 

| репин by Gerall and Green 
€vels of coulomb friction: 2 an 


is noninformative in a feed- 


(1958). These authors utilized two 
14 Ib. One group trained on 2 and 


transferred to 14 Ib, while a second group experienced the reverse 
Sequence. Thus, е there was по true control group, the authors 
extrapolated training performance to estimate what a control group 
Would have done during the transfer trials. Using Eq. (2), the approxi- 
mate transfer indices were both positive: 61 c for transfer to the 14-Ib 
condition and 83 % for transfer to the 2.]b condition. Further, 61% is 
Significantly inferior to 100% transfer but 83 % is not. Therefore, we 
may conclude that there is a differential transfer effect due to coulomb 
friction and the pattern is such that transfer from heavy to light friction 
1s virtually complete, but transfer from light to heavy friction results in 
Significant deterioration in transfer performance relative to continued 


experience with heavy friction. 
Again, the influence of coulomb fri 


as varying this friction does not affe £ m: А 
information. Thus, whereas normally we would interpret differential 


transfer as an indicant of an effect on learning, in this case the signifi- 
cantly low transfer index found for the light-to-heavy sequence most 
likely merely reflects an influence on performance, not learning. 


ction is primarily on performance 
ct the coding of useful feedback 


2. Elasticity 

Spring stiffness of a control device is the other control loading vari- 
able that has been studied in a transfer of training paradigm. Briggs, 
Fitts, and Bahrick (1957b) trained subjects in a complex two-dimen- 
sional tracking task under several levels of control loading. We are 
concerned here with two of these groups: the control group (Group 1) 
experienced an optimal control device throughout which provided 
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elasticity of 1 Ib/deg of deflection; an experimental group ош a 
transferred to the above control device after training with a device tha 
was loaded with a spring stiffness of only 0.25 Ib/deg of deflection. 
This experimental group was significantly inferior to the control group 
during training, as expected, but there was no statistically significant 
difference between the two groups even at initial transfer. Thus, 
while elasticity produced a performance difference (training), there 
was no apparent learning effect (transfer). One might conclude that 
the difference in kinesthetic cues for the experimental group from 
training to transfer was of little consequence. 

The latter is a premature and erroneous conclusion, as indicated by 
subsequent research by Briggs and Wiener (1966). These authors 
results and conclusion ra 


one first encounters p 
time one cannot s 
and second 
to an interesting scene off 


a fairly long period of 
primary steering task 
, talking, or attending 
the road. Perhaps the Briggs et al. task was 


eally are present and 


two control groups and 
a transfer of training paradigm. Both con- 
e same optimum control loading as that 
vious study, and both experimental groups 
trained on the minimally loaded device used by Group 2 and then 
transferred to the optimum contro] device. One experimental and one 
control group tracked only the same two-dimensional task as was used 
previously, but the other two groups tracked also with a secondary 
task. The latter two groups, then, had a time-sharing requirement 
imposed on them which the authors predicted would result in signifi- 
cantly less than 100% transfer for the experimental group; the other 
experimental group was expected to obtain almost 100% transfer as in 
the previous study. The results confirmed these predictions with 70 


transfer for the time-sharing group (which was significantly inferior to 
100% transfer) and 86 % transfer fo 


т the experimental group not re- 
quired to time share between the primary and secondary tracking 
tasks. The latter was not sign; 

So, elasticity of a control device 
mance, but it is a complex not 
as much about a primary control task 
under another, but his ability to time 
secondary task is markedly affected by 
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ticity. The latter is presumably due to the subject's learning to utilize 
a specific set of kinesthetic cues to permit visual time sharing between 
the two tasks, and if these cues are changed, as when the elasticity 
constant is modified, then the subject has lost the advantage of this 
previous learning and must learn anew a different set of kinesthetic 


cues. 
3. Summary 


From the above research on output variables we may conclude that 
performance as well as learning is differentially affected by control 
loading conditions. However, the learning effects seem to be rather 
more subtle than those noted earlier when we considered input 
variables. Of course, both visual (input) and kinesthetic (output) 
Senses are involved in tracking performance, and so one must be 
concerned with both sets of variables when developing training tasks 
for optimum transfer performance. However, these results suggest, at 
least tentatively, that one could be relatively more concerned with 
input than with output variables in the design of training devices. 


C. INPUT-OUTPUT RELATIONSHIPS 
If the reader will refer back to Fig. 1, he will see that we now have 
rms of variations in the input 


Considered transfer performance in te Н 
and in the ouput of the human operator. We now will consider transfer 
berformance as a function of certain relationships between input and 
Output. Two such relationships will be discussed: (1) the ratio pe 
trol device gain to display gain, the C/D ratio, as it is aller т f ) 
the directional relationships between control movements and display 


movements. 
1. CID Ratios шора rem 
If the subject moves his control device one unit of distance, say, à 


i C/D ratio is 1/3. 
Observes a cursor ent of three units, then the ] 
es a cursor movem sitive is the tracking system. 


he small i sen 
' smaller the C/D ratio, the more 1 : s 
Rockway and his associates performed a series of puer ГАИ 
Which subjects tracked a two-dimensional task m E к 
rs and then transferred to a different ап кеш, es s 
oc y ili 1 group which practice а 
E ] groups, one trained for 25 


9n a C/D ratio of 1/3 and two experimenta ‹ 
trials оп a C/D ratio of 1/9 and the other оп а C/D ratio of 1/27. Both 


eXperimental groups then transferred for 25 trials n oa pore 
Condition. The transfer indices were 81 and 57% for x | E : 
D groups, respectively, in terms of performance on the first transter 
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trial. The 57% figure is significantly inferior to control group perfor- 
mance (100% transfer), but the 81% figure is not. Further, after the 
first transfer trial there were no significant differences 
Thus, we have only a mild suggestion that C/D ratio produces transfer 
performance differences between experimental and control groups. 

This conclusion was further supported in a subsequent study by 
Rockway, Eckstrand, and Morgan (1956) in which the control group 
experienced a C/D ratio of 1/27 throughout, while the two experimen- 
tal groups transferred to this highly sensitive system after 25 training 
trials on C/D ratios of 1/3 and 1/9, respectively. In this case, the exper- 
imental groups attained 83 and 89 % positive transfer, respectively, on 
the first transfer trial, and neither index is significantly different from 
100 % transfer. 

However, the conclusion that C/D ratios during training make little 
or no difference at transfer must be modified in light of a third study in 
this series: Rockway, Morgan, and Eckstrand (1958) explored the 
Same ground covered in the first two experiments, but also they varied 


the amount of training prior to transfer. Two experimental and two 
control groups received 95 training followed by 95 transfer trials as 
before, in essentiall icati 


the first two studies, except that 
CID r : Two other experimental and two 
groups experienced 100 training trials prior to the 
25 transfer trials, 


Unfortunately, we cannot calculate transfer indices as in the first 
two studies since Rockway et al. (1958) did not provide the training 
data, but from visual inspection of graphs of their transfer data it is 
clear that with the 25-trial experimental groups they obtained results 
hose of the first 


among groups. 


produced perform: 
mance. Further, 
equalled control 


rer than control group perfor- 
erimental group eventually 
n Transfer Trial 25), whereas 


nly after rather extended training. Why 
might this be the case? Flei 
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feedback cues, and so when these cues were changed at transfer, the 
result was inferior transfer performance (compared to the appropriate 
control group). With less training, the 25-trial groups, there was not 
the opportunity to learn the use of kinesthetic cues for precise posi- 
tioning of the control device; thus, a change in such cues at transfer 


made little or no difference in performance (again, compared to the 
2) But it did make some difference in 


appropriate control group). (2 
those groups transferred from a low to a high C/D ratio condition, 
experimental 


even after only 25 training trials. If you recall, these 
groups were significantly inferior to their control groups on the first 
transfer trial. Further, in the third Rockway study, initial transfer per- 


formance for the low-to-high C/D condition was much worse (relative 


to the appropriate control group) than was transfer from high-to-low 


C/D ratios, both after 100 training trials. 
Thus, we may conclude that there is differential transfer here: 


transfer to a less sensitive system (remember that a high C/D ratio 
means a less sensitive system) is more detrimental than transfer to a 
more sensitive system regardless of practice level. Why might this be? 
Tentatively at least, when transferring from a highly sensitive system 
to one of low sensitivity there will be a tendency to undershoot be- 
cause during training one learns to make small movements. The op- 
posite would occur when transferring from a low to a highly sensitive 
System, of course. Apparently, it is easier to adjust for overshoots than 
for undershoots of the target area. Certainly, the visual information on 
the display is more compelling in the case of a sensitive system, 1.е., 
the cursor will take off "right now" fora control movement that is too 
large given the low C/D ratio, whereas with a low sensitivity system 
the visual information is "sluggish" since only large control move- 
ments will result in significant cursor movements on the display. 


2. Directional Relationships | 

When a subject moves his control device to the left, say, which 
direction does the cursor on the display move? This is a matter of con- 
trol-display directional relationship, and it involves the опер. оЁ 
Stimulus-response (S-R) compatibility. S-R compatibility isa fecogni- 
tion that certain directional relationships are more natural” (because 
of the biomechanics of the hum the way he is “built”) or 
“expected” (because of overlearning in 


One of the first experiments on direct atl us 
fer was performed by Gibbs (1951). One group traine with an 


expected or compatible S-R arrangement in a one-dimensional com- 
Densatory tracking task and then transferred to a task with just the 


an operator — 
the past). 
ional relationships and trans- 
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opposite relationship. A second group experienced the eer 
or incompatible S-R task first and then transferred to the expected re 

lationship. Unfortunately, Gibbs did not publish the trial-by-trial data 
which would permit us to use any of the usual transfer index equa- 
tions (he reported trials to criterion on the training and the transfer 
tasks), but we can see the pattern of results clearly. 

In terms of training task performance, as one would predict, it took 
less time to reach criterion on the expected relationship (20.5 min) 
than on the unexpected relationship (30.0 min). Thus, the former was 
easier than the latter. In terms of transfer performance, the group 
which transferred from unexpected to expected tasks achieved very 
good transfer performance: they required only 1.9 trials to attain cri- 
terion on the same task which required 20.5 trials by the other group. 
However, the "expected-to-unexpected" group did very poorly at 
transfer: they required 25.7 trials to reach criterion, which was only 
4.3 trials less than required by the other group in original training on 
the unexpected task. Therefore, there was evidence of some positive 
transfer for the expected-to-unexpected transfer group, but not much. 

Adams (1954) noted the above study plus others and decided to in- 
vestigate transfer of training utilizing limbs (the feet) which do not 
experience much overlearning of control-display relationships. In this 
way he could eliminate (partially, at least) the strong influence of 
learned expectancy noted by Gibbs, above, During training the con- 
trol group saw the cursor move vertically downward (from 0° to 180°) 
as the pedal controls were depressed. There were four experimental 
groups for which the displays were tilted to varying degrees during 
training to produce movements of the display cursor from-to: 315°- 
135°, 270°—90°, 225°-45°, and 180°—0°, respectively. All four experi- 
mental groups transferred to the 0?-180* condition. 

There were no differ groups during training, thereby 
indicating that overle les were not present prior to this 
study, as they had been in Gibbs' research. But at transfer there were 

experimental groups. The approxi- 
72, 56, and 38% positive 
Ups, respectively. As you 

een the amount of change 

in directional relationship from training to transfer tasks and the 

ast adequate transfer occurred for 

the experimental group which experienced a complete reversal of the 
directional relationship. 

How can we summarize these results? 
from expected to unexpected rel 


mate transfer indices from Eq. 
transfer for the 315°-135° throu 


In both studies a change 
ationships resulted in poor transfer 


to 
to 
л 
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ае а the change was а complete reversal of the control- 
erc d "d igas ip. (The expectation in Gibbs’ study was developed 
ei lcs €— in everyday experience; in Adams' study it 
loser ro , apparently, during the training trials. However, as 
ied : ams, the change from expected to unexpected relation- 
ү І rogressively less detrimental to transfer performance as the 
M in the two relationships is diminished. 
Hoe directional relationships do influence transfer perfor- 
саннай, cw a maximum detrimental effect occurring with complete 
ilicis ut en with complete reversal, there is some degree of fa- 
Ve ag coe transfer) on the initial transfer trials. Interestingly 
both E: ү = been ү апа Адатаз (1951) showed that there was 
чек p acilitation and some interference upon transfer from ex- 
zv em a completely reversed, unexpected control-display relation- 
нача at is, at initial transfer to a reversed control-display relation- 
ha number of target acquisitions was higher than during initial 
enl g on the expected relationship, but also the number of direc- 
oe ae errors was higher at transfer. Apparently, then, the 
fer on ing and interfering effects combine to yield low positive trans- 
der completely reversed relationship conditions. 


D. FEEDBACK VARIABLES 


Nod a nease this review of 
tanier jc n effects in the man-machine 
what s perrormance. There are two subtopics here: t 

at are called quickening and aiding, and the influen 


mented feedback. 


the empirical data with the influ- 


hine paradigm (see Fig. 1) on 
he influence of 


ce of aug- 


1. Quickening and Aiding 
rg e not discussed the fo 
P In real-life tracking tas 
н-ни which act upon the con 
SOM мн а complex function о 
һе : 3s Sn turn makes life difficul 
in чи relate movements of ће contro у 

ake the latter match the input signal on the visual display. In theo- 
ry, he must differentiate the function relating control device signal to 
System output signal, a complex “mental” feat. But with quickening or 
aiding, the necessary information on the derivatives of system output 
is sensed by the machine and inserted into the feedback loop along 
with the system output itself. This eliminates the need for the human 
Operator to take any derivatives and so his job is greatly simplified. 


ervo paradigm of 
lly has complex 
as to make the 
movement pat- 
rator because 


urth element in the s 
ks the machine usua 
trol device signals so 
f the control device r 


t for the human ope 
] to the system output in order 
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For a more complete discussion of aiding and quickening, Me 
is referred to the classic paper by Birmingham and Taylor (1954). 
So what happens when one sooo from 
З difficult) systems and vice vers 
der 5-1. involved either an aided or an unaided rate о: 
(system output was a constant velocity for a given position of t = ra 
trol device). There also was a simple positional control system, bu ° 
are not concerned here with that task. One group trained on (Ше шә 
aided system and transferred to the aided system, while another gr “a 
experienced the reverse order of conditions. Transfer was Sager s: 
both groups after 60 min oftraining over 6 days. The aided-to-unaided 
transfer index was approximately 56%, while that for the unaided-to- 
aided group was approximately 52%, Later, Holland and Hensen 
(1956) utilized a more complex set of machine dynamics with an 
without aiding, Training was given for either 140 40-sec trials over 14 
days or 260 40-sec trials over 26 days prior to transfer. For the Вата 
amount of training the aided-to-unaided transfer index was 58%, 


able 
group index was 64%. For the варис 
gree of training the indices were 51 anc 


quickened to unquick- 
a? Lincoln’s doctoral dis- 


mployed essentially the same 
Holland and Henson, but they 
е rather than tracking error plus 
as in the two previous studies. 
at they really measured system 
asured system output, not the dif- 
which is true system error. Never- 

100 min of training (4 days) were 46 
and 79% for the quickened-to-unquickeneq group and for the un- 
quickened-to-quickened group, respectively, Further, at transfer the 
former group exhibited very high variability in performance, while 
the latter group was 


about one twentieth as variable, Therefore, from 
this study, it seems that superior transfe 


quickened conditions. The same tren 
Henson, above; how. 


machine dynamics as used earlier by 


5 the output signal 
Unfortunately, it does not appear th 


error but rather they apparently me 
ference between output and input 
theless, their transfer indices after 


At any rate, we can note t| 
occurs as a function of aidin 
not as high as those found for the in 
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but not much. What is required in each condition? With both aided 
and unaided systems the response pattern is the same in general, but 
in detail, the response pattern under aiding tends to be more discrete 
=the subject generates a series of small step changes in control de- 
vice position. So, something about the general response pattern can 
be transferred to either condition, especially in the studies of Holland 
and Henson and of Dooley and Newton where a single 3-cpm sine 
wave served as the input signal. 
7 What is different in the two conditions is the complexity of the 
mental” calculations required. In an unaided system, the subject 


must anticipate future control device movements by examining some- 
thing analogous to the several derivatives of the relationship between 
However, with properly 


system output and control device signals. 

conceived aiding, the human operator need only respond directly to 
the amplitude of displayed error, and he is not required to anticipate 
future control movements. In fact, under aiding a subject will do 


worse if he tries to utilize self-estimated derivative information than if 
he simply responds with a control position which is directly propor- 


tional to displayed error. 

Therefore, when going from aided to unaided systems, the subject 
must learn something "new" —how to anticipate future control posi- 
tions — but he is assisted by something “old” — knowledge of the gen- 
eral pattern of control movements required. When going from an 

d forward two old items 


unaided to an aided system, the subject carrie e 
—knowledge of the general response pattern required and acquired 


skill in recovering derivative information from the visual display of 
tracking error. The former helps, while the latter hinders transfer per- 
formance on the aided display. Apparently, then, the useful old infor- 
mation on the response pattern helps regardless of the order of condi- 


tions from training to transfer, while the new requirement hinders 
erring from aided to unaided sys- 


performance for the subject transf р 2d 
tems and the same requirement, which is old to the subject transfer- 
ring from unaided to aided conditions, hinders him on the latter. It 

d be responsible for 


may seem incongruous that the same factor woul aet: 
the relatively mediocre transfer performance of both groups but for 


different reasons. Apparently, such is the case. It may help to note that 
Whereas initial transfer performance indices are comparable for the 
two groups, following initial transfer those subjects transferred from 
unaided to aided systems quickly improve to the same level as the 
appropriate control group, while the aided-to-unaided subjects ap- 
proach control group performance very, Very slowly (see Fig. 2 of 
Holland & Henson, 1956). Thus, the negative effect of the old require- 
ment for the former subjects is quickly overcome whereas the learning 
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f this аз a new requirement is more lengthy. As usual, it is wed 
а discard an old habit than to form a new опе, even though initially 
Ше effects may be comparable in terms of performance. 


2. Augmented Feedback 


As indicated in Fig. 1, the human operator receives wh 
primary feedback directly in the trac 
provided with secondary or augmen 
tor comments upon the performance 
augmented feedback has bee 


at is called 
king task. In addition, he may be 
ted feedback, as when an instruc- 
€ of the operator. In the laboratory 
n provided by sensing system error (the 
output) and comparing this to a criterion 


- If the operator is on target, he receives 
an auditory or visual signal confirming that fact; if he gets off target, 


the signal ceases until he gets back on target. Such augmented feed- 
back clearly is Supplementary because the Operator can see directly 
his tracking proficiency on the System display. Uniformly superior 
tracking performance has been found when augmented feedback IS 
present. But what about transfer from an augmented feedback condi- 
tion to one with no augmented feedback? 
Bilodeau (1959), Goldstein and Rittenhouse (1954), Houston (1947), 
and Underwood (1949) all report research in 
teriorated following transfer to a no- 
On the other hand, Kinkade (1959) 
ams (1953), and Smode (1958), am 


which performance de- 
augmented-feedback condition. 
» Minor (1958), Reynolds and Ad- 

ong others, have found that groups 
transferred to a no-augmented-feedback condition continued to per- 
form at their previously acquired level of proficiency. Kinkade (1963) 
noted that the former researchers all used a tracking device called the 
Pedestal Sight Manipulation Task (PSMT), whereas the latter re- 


searchers used either a rotary pursuit task or the SETA apparatus 
(Gain & Fitts, 1959) 


- He noted further that Barthol (1952) had ob- 
served the PSMT display is fuzzy at best and that visual cues for one 
of the three components of the task (ranging), in particular, are not 
very perceptible. The rotary pursuit and the SETA tasks both provide 
clear, noisefree visual displays, 

Kinkade (1963) developed and tested the following hypothesis: if 
the operator sees clearly discernible primary feedback information on 
the tracking display, he will use augmented feedback only as confir- 
mation of adequate performance; however, if the primary feedback 
information is obscured, he 


will attempt to utilize augmented feed- 
back as a substitute for primary feedback. As a consequence, when 
augmented feedback is with 
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Kinkade employed two experimental and two control groups. Both 
of the latter received the no-augmented-feedback condition through- 
out, while the experimental groups received 40 trials with augmented 
feedback present followed by 24 trials without augmented feedback. 
Figure 4 presents the results of both the training and the transfer trials 
along with a summary of the treatments of all groups. Note that 
Groups C, and E, experienced a noise-free tracking display through- 
out, while Groups C, and E, experienced noisy fundamental feedback 
(random movements of the cursor on the display as in the Briggs e? al., 
1957a study) throughout. 

As usual both experimental groups (E, and E,) were superior to 
their control groups (C, and C,, respectively) during training. Upon 
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fer, as predicted, Group E,, deteriorated immediately to the level 
hor. c but Group E, continued to maintain its superiority to 
ive А Note that the results are in terms of System error, aw 
lower the score, the better the performance. Therefore, Kinkade's ee 
confirmed the hypothesis, and one may conclude that — 
feedback can result in superior transfer performance, provide 
operator has not utilized it as a “crutch earlier in training. 


III. Interpretation 


a function of each of the independent vari- 
ables manipulated. Negative transfer is the exception in transfer of 
skills. Thus, we may conclude that the human operator almost always 
acquires some skills that facilitate transfer performance regardless of 
the training task configuration. Such facilitation does vary in amount, 
however, and so we should be concerned with why some training 


conditions produce high positive transfer (equal to or greater than 
100%) and others result in low positive transfer. 


A. THE RELATIVE DIFFICULTY H 


Day (1956) reviewed the literature prior to 1956 on the question of 
task difficulty and transfer performance, Based on a series of experi- 
(1951) concluded that 

t to easy task . . . if the 
is required in both tasks . . .” (p. 109). The reason, 
as offered by Gibbs ting by Bartlett (1947), who 
suggested that there is a central range over which an independent var- 
iable can be manipulated within wh; 
performance, is relative] 
zone” are more difficult ; 


the zone (difficult-to-easy) should be н 5 


YPOTHESIS 


same kind of ability 
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be This is not overwhelming evidence in support of the predic- 
ion that one should find superior transfer performance when transfer 
occurs from difficult-to-easy versions of a task. Nevertheless, the sur- 


vey shows that the difficulty concept has some merit. 


B. TASK SIMILARITY 


In verbal learning tasks, which have not been considered here, 
н is evidence that transfer performance is systematically related to 
oth stimulus and response similarity. This relationship has been 


summarized by Osgood (1949). The Osgood surface indicates increas- 
ing positive transfer if for the same response the transfer stimulus is 


made more similar to the training stimu 
is held constant from training to transfer, increased similarity of the 


responses results in increased positive transfer. (In the latter case, 
most variation in response similarity results in negative transfer, but at 
least increasing response similarity moves transfer performance to- 


ward positive transfer.) 

А The use of the similarity concept in skilled tasks is more problemat- 

ical than in verbal learning situations. One major reason is that scaling 

similarity is more easily accomplished with verbal materials. Another 

reason is that the information processing and the response selection 
asks, and so a simple 


and execution stages are more complex in skill t 


change in an independent variable can have complex effects on those 
us and response in tracking. 


intervening activities between stimul 

Note, for example, that in tracking there is no single correct response 

as in a verbal paired-associate task. Rather, the operator may selecta 

particular response from a library of possible responses any of which 
arresponse pattern 


may do the job adequately. Further, once a particul ‹ i 
is selected, in a tracking task the execution of that pattern 15 monitored 


and subsequent adjustments may be required; with verbal responses, 
the output need be all or none without the fine-tuning control neces- 


sary in tracking responses. | | 
Nevertheless, the similarity concept has been used in skilled per- 
formance tasks to explain the obtained transfer results. In this context 
the concept enjoys a fancy name «fidelity of simulation. This reflects 
1 system, such as an 


the fact that skill training for a complex operational sy à 
aircraft, often is carried out partly in à simulator device. By referring 


back to the study by Muckler and Matheny (1954), one sees a trend 
toward increasing positive transfer as similarity of coulomb friction 
was increased from training to transfer tasks. A similar trend can be 


detected in some of the data of Table I. . А 
Actually, of course, ће similarity concept is central to the difficulty 


hypothesis discussed above: there it was pointed out that a particular 


lus. Likewise, if the stimulus 
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independent variable can be varied over a range and result _ 
Deis constant, optimum performance, but if the variation results in 
1 ? : : 

too dissimilar a condition, performance will deteriorate. 


C. SKILL COMPONENTS 

It may well be that one is stretching things a bit too far in trying to 
ply in terms of a similarity concept. In 
skill tasks it may be more fruitful to ask what is какша nalieg 
d extensively the matter of skill com- 
for a recent review). He has shown 
unitary matter, but that it is related to 
5. Further, the relationships between 
Systematically with practice. It would 
follow, then, that these abilities or skill components change in relative 


importance as a function of experience on a particular task. Further, 
Fleishman (1957) has shown that su 


ch skill components as perceptual 
speed, response orientation, and sp 


cally as the task itself is changed. Thus, ina hig 
pected display-control relationship, perceptual speed is an important 
determinant of task perfor ationship between con- 
spatial orientation and 
greater importance, while per- 
atively unrelated to task performance. 

à transfer of training situation one can assume from 


Fleishman's work that à transfer task requires certain skill compo- 
nents or abilities and that tr. 


ansfer performance will be a function of 
the extent to which suc 
in the training task, This 
tations offered abov 


> 15 à Systematic analysis (a la Fleishman) 
of how changes in an independent variable affect the skill components 
e should be in a Position to relate a transfer index to 
these skill requirements. While this has not been done systematically, 
Fleishman’s work clearly indicates that such a procedure would pro- 
vide an analytic understanding of skill transfer, 
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CHAPTER 8 
Supplementary Feedback and Instructions’ 


EDWARD A. BILODEAU 
Tulane University 


I. Introduction 


e to highlight feedback experiments where 
experimental variable. The in- 


after the response; there is а 
to the subject is 


| In this chapter we ar 

the instructions to the subject are the 
structions may be given before, during, or 
bewildering variety of ways of doing this. Speaking 
ce ra simple and direct way of communicating with him. In the 
( rmation-feedback chapter, the experimenter spoke to the subject 
puite specifically about his error, but in the present chapter, the in- 
ormation provided by the experimenter is less specific and more 
general. Moreover, substitutes for the spoken word have also been 
employed; mechanical devices that provide tones and working condi- 
tions that provide experience are illustrations. Since the procedura 


stress is on taking precise information out of the feedback, yet still 
about his success at perform- 


communicating something to the subject 
nerally explained by hypoth- 


ing, the outcomes of these studies are ge 
on. It has been a recurrent explanation 
McD. Bilodeau, 1966; 


esizing changes in motivati 
re a long period of time ( 

irch & Veroff, 1966; Brown, 
1964). We shall begin by asking how mot 


Ammons, 1956; I. r 
1949; Cofer & Appley, 1964; Vroom, 
ivation is treated by promi- 


ut by the Air Force Office of 


d in pa 
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nent laboratory-oriented people and rece 
human learning. Afterward, we shall n 
and concentrate on motor-skills expe 


nt coverage in books on 
arrow the inquiry considerably 
riments as reported in journals. 


A. THE STATUS OF HUMAN MOTIVATION 


An important book on verbal skill w 
entitled Verbal Learning 
contributed by such emi 


as one edited by Cofer (1961), 
and Verbal Behavior. Nine chapters were 
nent psychologists as Deese, Melton, and 


© speak on the topic of motivation and, in- 
deed, the topic is not even represented in the index. In 1966, two 
books of special importance appeared. The first was a revision of a 
prominent text in undergraduate teaching, Experimental Psychology 
by B. J. Underwood (1966). The 1949 edition 
devoted to motivation, but th 
from this, it will not be until 
possibly see the ch 
of Skill (E. A. Bilodeau) 
many contributors to the 
tion was not listed in the index. The book nevertheless pretends to 
cover motor performance in a comprehensive way, Evidently, a con- 
siderable number of contemporary investigators get along somehow 
in covering attention mechanisms, feedback functions, tracking be- 


how incentive and motivation 
ciples of his со 


contained in the 
tain performance; it is potentially 


output; more of it might асі 
Despite the lack of 


four assertions: 


waxes and wanes 
knowledgment oft 


B. FEEDBACK AND MOTIVATION 


Many authors treat f. a command, a sign, 
ora bit ss of a particular past 


feedback and learns 
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iable it is said to strengthen the correlation between responses and 
stimulation. As a cuing variable, feedback acts upon already learned 
hierarchies of habits and serves as a selector mechanism. Emphases 
on habit processes are relatively new and the subject of the chapter, 
“Information Feedback”; the possible incentive value of feedback in 
arousing motivation is an older theoretical view. 

If feedback is assignable to a motivational category, then it should 
serve as an incentive to stimulate performing in a more vigorous way 
or in an alternative way. Thus, the feedback may energize or activate 
already learned responses. Another aspect of the motivational point of 
view is that an increase in motivation augments response output 
which in turn is a more favorable condition for making new associa- 
tions between responses and stimuli. Psychologists agree that 
changes in performance in a single experiment can come about 
through various agencies: increases in motivation, decreases in 
fatigue, increases in learning, and so on. The experimental problem 
has been to disassociate these in the laboratory. 


П. Research: Contributions and Evaluation 


A. PROMISING TECHNIQUES 


alter motivation by a feedback technique 
s which do 


There is no known way to 
which is beyond argument, but there are a few method 
produce serviceable data and which bring out the issues. 

One of the best-designed studies was reported by Willis (1967). The 
task was rifle marksmanship, the variable was level of recoil (2 or 25 
foot-pounds), and the design was a double-shift transfer test. The sub- 
jects were unskilled and were given 60 hours of training before shift- 
ing load and testing for transfer. The 25-foot-pound load produces 
quite a bang, and flinching, trigger jerking, and other manifestations of 
recoilitis are common. The Hi load is said to be stressful and the Lo 
load is not. The design used four groups of subjects: Hi(training)- 
Hi(testing), Hi-Lo, Lo-Lo, and Lo-Hi. During training, the Lo out- 


performed Hi, and during testing the prior recoil level did contribute 
dy is exceptional in that (1) the 


to the degree of skill exhibited. The stu ‹ іп 
task is not artificial yet interesting, (2) considerable training was ad- 
ministered, (3) the difference between stimulus levels was consider- 
able, and (4) the design of the groups enabled the investigator to 
choo aH otheses. 

Lors o вета нацы en (1953, 1955) оп cranking and 
Saufley and Bilodeau (1963) on reversed alphabet printing bear on 
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motivation-arousing procedures. I. McD. Bilodeau studied aaye 
cranking and decrement in output when the subject was ty 
without experience about the working conditions of the ле л 
Thus, the duration of work-time, duration of rest-time, an ate 
amount of work-loading were the environmental variables Es a 
lated. The subject was given experience with these or v o en 
expect certain values of these variables in а forthcoming стап ing vc 
sion. Rate of cranking was lawfully related to these stimulus P^ x 
tions. The conservation behavior exhibited was interpreted as en 
illustration of the action of habits — habits established during past = 
perience with temporal and physical environments and the Os 
which they imply. But there is no especially compelling reason w м 
the pacing behavior of men must be assigned to the habit class, on 


g type of task in the conventional 
re and more skill. It seems to bea 
how to regulate (downward) his 
er trying circumstances. AIF 
ary information feedback (IF) or extra 

à. Extra IF was first evaluated shortly 
ic gunnery trainer was remade so tha 


an- 
ment cues above and beyond the тея 
dard ones. Using the normal sighting station, the gunner is requirec 


i s 
adjust his controls so as to frame or superimpose a number of sec 
upon a moving target airplane. In the standard situation, the feedba 


is the visual error or Spatial difference between the dots and the target. 
In the experimental Situation, the expe 


target change from Standard white to re 
change from incorrect to correct. The 
experimental group is accomplished 
signifies that ongoing tracking 
dard white target means that on 
ing the target is difficul 
three different wa 
range. In a three- 
tion between the 
the red and not- 


‚ An electron 
the subject was given achieve 


requirement to divide one's eri 
es of feedback. It was hoped that ad ble 
red contingencies to the cues normally availa 


higher scores thana group trained 
1952) was not Satisfied th 
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so he redid the study and added three special-purpose filter groups in 
a transfer of training design. One group was first trained for 4 days 
with the filter; then upon filter removal, it did no better than a no-filter 
control on the fifth day. A second group was given the filter on day 5 
for the first time, and their scores then improved at the same fast rate 
as a control group had with the filter on the very first day. The third 
experimental group alternated from trial to trial between filter and no- 
filter conditions, and their scores also alternated, making wide swings 
between the level of the control group with the filter all the time and 
the other control group with no filter at all. Clearly, the extra cue im- 
proved gunnery scores over those of the standard cue, yet the operator 
had not learned how to take better advantage of the standard cues 
when trained with the filter. 

The study shows that there was no extra transfer of the learning 
from filter-present conditions to the no-filter condition. It was con- 
cluded that the not-red-now state of the filter group served to cue the 
habit of searching for the correct response until the red-now state was 
obtained. But does the not-red-now state touch off habits which pro- 
duce higher scores or does it trigger a motivation to do better? And for 
what it is worth, any subject will report that the filter condition is more 
interesting. Neither the state of the art nor the theory has enabled 
anyone to make a definitive answer. However, without the transfer 
groups, data from such studies as Seashore et al. are meaningless. 
Annett (1959) and Smode (1958) have worked on this problem, too. 
Smode concluded unhesitatingly that the extra IF does not set off a 
different habit, but that it motivates the subject to do more. 

Another worthy technique, producing the data shown in Fig. 1, was 
that of Payne and Hauty (1955). These authors (see also Hauty & 
Payne, 1955) combined two good ideas in order to prepare the way for 
their phenomena. First, a 4-part tracking task was selected (the 


Multidimensional Pursuit Test presents the operator with an espe- 
ator to scan 4 meters and to 


cially demanding task); it requires the oper: : c 
nullify the frequent drifts of the indicators by entering appropriate 
corrections on 4 aircraft-like controls. Second, a considerable dec- 
rement in response was produced by requiring over 4 hours of work 


from the subject. Having assured themselves ofa decrement phenom- 
gic position to determine ifthe 


enon, the authors were in a good strate : 
i feedback operations. The 


decrement could be mitigated by various : 
control group ог М, received no special information; М» represents a 
was told of his standing rela- 


condition where the individual subject 
for the last cycle; and M; in- 


tive to an artificially high group norm ; 
cludes all of M; procedures, but also displayed all the IF's of past cy- 


cles as well. IF's for Mz and Ms scores were displayed by means of 
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Practice in blocks of 8 1-minute trials 


Еів. 1. Performance decrement with Practice for different feedback (motivation) con- 
ditions. (After Payne & Hauty, 1955.) 


) e cues might acquire some soon 
value.” This means that Payne and Hauty consider the tuition treat 
ment as either cue, habit, drive, or all three. Had they retested their 
subjects several days later, after diss; 


| would, however, 
cuing and Motivation roles of the 
passe reached in 


extra IF. This is the very same im- 
A © experiments 
trainers, 


with the red filter and the gunnery 
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tion. They also had developed ways of entering response corrections 
to compensate for errors detected. No one knows the precise ways or 
tactics that subjects come to employ, but we do know that a simple 
command on day 21 such as “Next, pay twice as much attention to in- 
strument A” does in fact immediately lead to better performance in A 
and worse performance in B, C, and D. As a matter of fact, the sum of 
losses in B, C, and D equals the gain in A. 

During the 20 days of training, three different supplementary IF 
schedules were evaluated. After each minute of practice, (1) the low- 
est of the four part scores was identified for one group of subjects, (2) 
one of the four parts was selected at random by the experimenter and 
represented to the subject as his lowest in a second group, or (3) noth- 
ing at all was said about the parts. Two findings stand out. First, the 
subjects receiving IF, whether true or random, improved more on the 
identified part on the next trial than if not informed. Second, on the 
whole, the three groups did equally well and by this is meant that the 
effect of feedback is transient. It has no lasting value and when the 


experimenter moves from representing Aas worst to B as worst, there 
as B improves. No other 


is a trade-off and performance at A suffers es. | 1 
study so keenly illustrates the transitory cuing role of this kind of in- 
struction. We must conclude that the instruction improved the per- 


formance of the part, but not the learning of the part. 


Using the method of extra IF does not guarantee that even aug- 
xtra IF’s are much too extra, e.g., too 


mented output will result. Some e 

highly coded and meaningless to the subject. This observation is be- 
hind the fact that most skills investigators do not administer extra IF 
in their day-to-day studies. For example, the subject on the rotary pur- 
Suit test is not given his clock score nor is the subject turning blocks 
told the number of blocks overturned. The writer has engineered a 
spectacular failure with the rotary pursuit test which only justifies the 
standard procedure. One group was given time on target in percent 
plus a bonus ranging up to 40 percentage points after every trial; a 
Second group was given time on target in percent minus as much as 40 


percentage points; and the control group Was given only the true per- 
formed and learned alike in spite of these 


centage. All three groups per 

Severe score etudes The null result suggests that the incen- 
tives provided by the general laboratory environment, and, too, the 
standard feedback represented by sight of stylus and target are quite 
sufficient for top performance. The experimental 40 percentage points 
do not necessarily inform the subject that he is superior or inferior, nor 
do they inform on the exact nature of error or proficiency. This would 
also be true of a tone or click administered for hits on the target of 


the rotor, it might be supposed. 
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9 " ed to 
Another failure of extra IF on the rotary pursuit test has мас 
clear the air, especially in regard to reinforcement issues. Archer à 
Namikas (1958) administered a tone w 


henever the subject was on cu 
get for a prescribed length of time. Various groups received the tor 


groups were null, as were у 
by I. McD. Bilodeau and Rosenquist (1964) 


ily, to be sure) a notion that the tone mig! 
That is to say, there is an arg 
sponses that precede the ton 
and those responses not follo 
tone to appear. Another 


arious similar operations 
; putting to rest (temporar- 
ht serve as a reinforcement. 
ument which holds that those rotary ES 
€ are strengthened because of the ione 
wed by tones drop away with failure О 


4 cepted, 
part of the theory, not as widely ig t 
would add that the learning produced by the tone comes abo 


through a mechanism of drive reduction, This seems to mean that the 
tone satisfies some particular motivation, such 
tone. It is never clear to some 
within the boundary conditio 
and so the preceding applicat 
to be out of bounds to m 


as the one to hear ker 
writers whether motor-skills studies fe 

ns set by writers of conditioning theory 
lon of reinforcement language is neg 
any. A conditioning analysis of verbal ont 
motor-skills learning was never popular and is even less so nowadays: 
Actually, many conditioning theorists wince when friendly and un- 


" А і e 
friendly Students make irrelevant tests of conditioning theory in th 
contexts of verbal and motor skills, 


B. MORE ABOUT INSTRUCTIONS TO THE SUBJECT 


Table I presen ts 


5 n no progress (Surwillo, € 
If we inspect T; is by no means a certainty d 
the set is limited in any Way, especially since the set remains un 
fined. 
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Table I 
LABORATORY TECHNIQUES OF INSTRUCTION ALLEGED TO CHANGE LEARNING 


1. Before a response, the subject is: 
a. Admonished to try hard, try very hard, ete. 
b. Promised a nickel, a cookie, if he will . . . 
c. Told how important the experiment is 
d. Told that performance is related to intelligence 
e. Threatened with shock if... 
f. Told a rivalry or contest between subjects is established 
. After a response and before another, the subject is: 
a. Told, you were at the 60th ( ) percentile 
b. Told, you were on target 40% ( ——) of the time 
c. At first told he is successful, later falls prey to failure trials 
d. Told: un ha, hmm, or that's a point 
e. Told a teammate's score 


f. Requested to set a goal, or the experimenter e 
ctrical means, told that: 


to 


stablishes one for him 


g. By verbal, mechanical, or ele 
(1) A particular error is in progress 
(2) A correct response is in progress 
3. During continuous responding 
à. Most of the techniques unde 
scular tension is augmente 
along with the main task 
4. Uncommon instructions 
a. Told: go faster and make more errors 


lack off, you don't have to do your best | 
tion to instrumer and B, watch C instead 


r (1) and (2) above are possible " 
d by having the subject perform physical activity 


usually producing a null result are those that are. highly verbal, 
highly coded, or nonspecific as to the act in question, and sort of trivial 
in any case. As a consequence of these and other shortcomings to be 
discussed later, the journals have published much inconsequential 


and null data. Most of these data are produced by investigators trying 
n the rate of learning a task. 


to show that incentives make a difference i | 
The fact of the matter is that psychologists know better the circum- 
stances where these variables do not work than where they do. и 
ever, no one admits to this knowledge and no list can be found. Rat е 
er, there is an understandable tendency to act as if those investigators 
who report null results have, in effect, failed to find the phenomenon 
which is known to be true. Some of the more resourceful experiments 


ar scri 

pere dicm and Conley ( 1957) used a block-turning task 
a level of aspiration technique. A series of early wo сарой 
lowed by a series of failure trials. The results quee oo i wong = 
ther, one group was replicated and it gave results of opposite direc- 
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tion. Zimny (1956) used a nonsense syllable task and a task of sorting 
cards. He employed the incentive of an excused classroom assign- 
ment, a threat of electric shock, a statement that the task was a sign of 
intelligence, and a statement that the task afforded additional practice. 
These data were null. So were those of Bell (1959), who frequently ex- 


up to do better at the pursuit rotor. 


s task, performed for an hour per day and w 
24 days, would serve to bring out the incentive value in knowledge о 


performance. Chapanis (1964) used these temporal conditions with 
the task of punching random digits into a teletype tape. One group 


was given no extra information about their output of digits while in 
three other groups an elect: 


ric counter provided a tally of output for the 
subject. In Group 2, the counter was never reset to zero and so the 
subject would h 


ave to process his count if he wished to make note of 
his daily Progress. In Groups 3 


and 4 the counter was reset to zero 
before the start of the hour, but in Group 4 the subject was requested 
to log his score onto a record card every 15 minutes, making his 
achievements more obvious. Special care was taken by the experi- 
menter not to set quotas or to take notice of the output. AII groups im- 
proved markedly over the 24 days and there were no differences 


among them, The design has been criticized by Locke (1967), who is 
attempting to establish motivational effects. 

Noble, Fuchs, Robel, and Chambers (1958) reported two studies; 
using social competition as the variable, and the Rotary Pursuit Test 
and the Discrimination Reaction Time Test as apparatus. After the sub- 
jects practiced a while under socia] conditions, half were visually iso- 
lated from one another for the remaining trials When run as individ- 
uals, the subjects using the Discrimination Reaction Time Test (a 
self-paced, response selection task) suffered a significant and uniform 
decrement in performance, but null results were obtained on the ro- 
taNobIe et al. concluded that the motivational role of social compe- 
tition is contin as-yet-unanalyzed task factors. 

Williams (1956) also used competition between groups and found 
that the quality of work affected by competition. 
tive condition, Noble " > Was greater in the competi- 


used the Two-Hand Coordination Test and 
т Force, The task presents a small moving target that 

ired to track by moving two lathe-like hand con- 
arly, middle, or late stages of practice, the experi- 
€ subjects and administered incentive instructions- 
» they were told that to pass the test they would have to 
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improv: 95% ic 
з ‘th decus price had absolutely no effect on the differ- 
eae n орь ony n effect within the experimental 
= examination of the quartile ability 
Fleishm: š 
ies Пр the relationship between incentive in- 
z ons i ty level in a study of 400 subjects on the C 1 
oordination Test. The task 1 i i wies s 
аав ос гэ е task here is to match 3 display lights with 3 
pee pd controlled by 3 aircraft-like controls. It was believed a 
is рш would Be advantageous in bringing out the effects of 
rir eon m instructions. The motivating instructions con- 
The rit a т each of which might serve as an incentive. 
ales T is ng severe because the risk of obtaining more null re- 
“The € гн е Among the stimuli used was the statement that: 
Meis ta s o this test are very important to you. They have an im- 
ens caring on your future assignment in the Air Force. So, you 
Mises ym best. Thus far, you have not been doing as well as you 
p. уоп must try harder. sss These strong and other drastic 
2 i ed were read to airmen who had just entered the Air Force, 
this Mese ы assignments were not all clear to them. Not only 
fied Ps a ditional special exhortations to do better were adminis- 
eiiis ent time to time. The special instructions were introduced af- 
dir " trial of practice and the scores prior to this were used to 
ивы пе subjects into high and low ability groups. Because psychol- 
[i seems a hand in their career assignments, airmen reporting to the 
=н о always appear attentive and obliging. As a matter of fact, 
pez oe airmen, the writer has generally tried to establish a 
g effect since some of the men have appeared unduly fright- 


ened. 

" The motivating instructions 

үе better performance in in 

зан had по effect whatever on t 

reds in Fig. 2. He pointed out, 
ions consisted of "extra mo 

to motivation assumed to exist among 


men of below-average performance). Th 


Fleishman's small positive finding was the almost constant difference 
the performance of the motivated 


throughout the practice between 

high-ability subjects and the unmotivated high-ability subjects. Taken 
at face value, this constant difference means at the very least that the 
experimental group did not learn more than the control group, but 
merely outscored them by, for example, moving faster. If they had 
learned more, a growing separation between groups would have ap- 


peared. 


used by Fleishman brought out just a 
dividuals of above-average ability, and 
hose of below-average ability as can 
as had Noble and others, that the 
tivation” presumably being added 
airmen (even among those air- 
e most interesting aspect of 
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Fig. 2. Acquisition curves for different ability levels and instructions. (After Fleish- 
man, 1958.) 


French (1955) has been one of the very 
psychology to say th 
(preexperimental 
vidual as well as 
structions may ti 


few within experimental 
at performance will vary with the typical 
level) motivation or achievement needs of the indi- 
he environment. Motivating in- 

Some people but not with others, and 
possibly, such a characteristic can be brought out by a selection test. 
The preexperimental measure of motivation used by French was pro- 
vided by a questionnaire. A typical item was, “Tom always lets the 
other fellow win,” The subjects explained the behavior of Tom and 
the explanation was scored for degree of need for achievement. After 
90 Officer Candidates for the Air Force had taken this test, they were 
given a digit-letter substitution task 5 months later under one of the 
three different conditions of instruction (relaxed, task, extrinsic). The 
main conclusion was that there was evidence that individuals can be 
preselected to do better or worse under a Particular instruction. 
French’s approach is partly psychometric, of course, and since the 
mixing of testing and training methods falls between the traditional 
approaches of tests and measurement on the one hand and learning- 
experimental on the other, the journals cited in this chapter contain 
few studies such as French’s. This is a pity, of course. (cf. Jones, 
Chapter 5, Section I, of the Present volume.) 

One of the more stimulating of the incentive experiments was per- 
formed by Walton and Begg (1958). They used imbeciles as subjects, 
20 days of practice, and the task emphasized work over learning. In 
the Leg Persistence Test Walton and Begg used, the subject is in- 
structed to keep a leg above a chair for as long as possible and not to 
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touch the chair wi | 
ing dies еч» Сари ig score is the number of seconds dur- 
Лин эла A in the air. This task had a learning compo- 
ihat bin js : s ү l, it had a strong fatigue component. It seems likely 
lin pisi s h high motivation might endure greater fatigue. After 
of сыге жеее кед D = are known to perform all kinds 
V dece sions, Шок 1 = е under normal conditions. The data 
rar ei ugh complicated, differences between four types of 
DUE puc competition, goal, and an ignored control 
liaec е control group. got worse throughout training. All the 
pean T ing some attention improved at first. The differences be- 
a Me deme n groups are especially marked during the first ten 
eel Á [: тея the last ten days the groups behaved quite alike. It is 
uta е1 which of the factors — type of subject, number of days, or 
pe ie —produced the positive results. If type of task is important, 
and ue ШЕ sure what properties the leg task possesses. Is the task dull 
ne е or is it exciting and challenging to imbeciles? We simply 
by c bie ly know, but we can hypothesize the motivations induced 
Sabe ea have to be classified by type of subject. Birch (1964) has 
fo Bs p» the speed with which subjects reach for puzzle material and 
und faster reaching the greater the degree of success at solution. 


C. GENERAL SHORTCOMINGS OF MOTIVATIONAL STUDIES 


an impression of trying to show that, to 


le, a man blowing 90 smoke rings will 
a prize for every ring. It has not 


Many of the studies give 
die E d aa artificial example, а 
[e E ree them better if given a | : ë 

ashionable to perform an experiment on the relationship be- 


twe А 
en number of smoke rings blown and amount of money offered— 
ome and because ofa 


ae ws 2 have some idea of that oute 1 ut 
ion om i constraint to use a learning type of task. Nene! per 
р е tasks nor out-and-out performance measures (such as rate, 
horsepower, time to exhaustion, etc.) are popular in the present-day 
psychology of learning. This is no surprise since the subject matter is 


the psychology of learning. ; 
The inquiry has often been limited, unfortunately, to a few leaming 


tasks of the laboratory variety, conventional response meas ures, and a 


young-adult subject population as if to determine who can discover 
/een experimental conditions that will 


the sm: ^ 

зе smallest difference betw $ 

Produce the largest difference in behavior. It has not seemed fair to 
d obviously make a difference 


use : : ч 
ise the kind of instructions that woul é n 
t been considered cricket to 


єє 
(“run, don’t walk,” for example). It has no c 
the behavior of experimental groups 

so doing not only out- 


investi Á Я 
nvestigate situations where 

might persist longer than the control and by 4 е | 
produce, but also to go on to outlearn the control comparison. nough 
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of the more resourceful studies were reviewed above to give a fair 
representation of how difficult it is to e 

eans of motivating instructions. | 
ани designs should be examined carefully. Even though 
the results may be different from £roup to group, the reader should not 


necessarily infer that the difference is a learning-caused difference 
even though such a claim is made. The 


ffect an improved response by 


reviewed earlier made this point. 
-cited older 
5, but these usually have few sub- 


l cent per response. If the 10-cent group 
oup, the odds seem to be that the author 


more and "knows" more. 
Ty convincingly of the need to use transfer 


reports that the 10-cent g 
Deese (1962) has written ve 
test designs to separate 
component, 

Were the Operations of Table I to produce good data, the word 
“motivation” might be an especially good gathering term. Regrettably, 
many of the studies we reviewed had procedures in common that 
might turn out to be faults. Adult college subjects and USAF airmen 
were used extensively, These subjects may be well motivated even 
before the investig i 5 treatment. No one has prese- 


lected subjects fo ivation. The experimental procedures 
seem directed to increase Motivation, 


worked and trained for only a few min 
investigator offered a trivial с 
one has offered prized conse. 
wise lie dormant. 


E. A. Bilodeau and Johnson (1963) reported that college men say in 
a questionnaire that for $10,000 they would abstain from sexual activi- 
ties for a period of 1 year. For the price of $1000 they would go with- 
out food for 5 days, The price was high for 36 rather unusual and in- 
conveniencing assignments but there usually was a price, the price 
varying directly with the intensity leve] 


contained in the proposition. 
5 were great, but th 


utes and then an impecunious 
onsequence for a trivial performance. No 
quences for behaviors which might other- 


lt to show in the laboratory, 
but what most investigators implicitly believe to be true: that a 
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геро a in motivation. Results from a questionnaire, however, 
ar one way or the other on whether greater motivation per se 
produces greater learning. Research within the armed forces has been 
more performance- than learning-oriented, for environmental ex- 
tremes of food, climate, and clothing (Clark & Dusek, 1967) and stress 
such as combat, isolation, altitude, and fatigue (Fine, 1967) are routine 
occurrences in the world at large. 
| Brown (1961) is friendly to the idea of the necessity for motivation 
in the psychology of learning. In a portion of a book on the subject, he 
extends Hull’s drive theory from the animal laboratory to perceptual 
and psychophysical situations. Because “do your best” instructions 
contain no specific response-directing cues, he prefers to attribute any 
effect to motivation. Yet, there is a doubt, for “do your best” might 
bring about response facilitation by arousing superior habits, e.g., sit- 
ting more erect, better methods of concentration on the task at hand, 
etc. Elsewhere in the same chapter, the motivating effects of strong 
stimuli, especially electric shock, are discussed. Shocks, he notes, can 
+.. qualify as associative variables since they provide specific 
knowledge of results” (p. 232). Even randomized schedules of shock 
seem to bring about diverse behaviors, and strict motivational inter- 
pretations of these data, too, can be criticized. (Feldman, 1961, should 
be consulted for a discussion of the effects of administering shocks 


after correct and incorrect choices in a maze problem; Bevan & Adam- 
1 of the problems of scaling 


son, 1960, should be read for a discussior 

electric shock.) Given extensive coverage are motivational differences 
defined in terms of scores on a scale of manifest anxiety. Several anxi- 
ety studies, tracing back to Taylor (1951), have steadily yielded mar- 


ginal results and were never incorporated into the main body of the 
* 5 
(Nance, 1965). But Brown's main 


motor- and verbal-skills literature 
point is that most variables alleged to change motivation can just as 
easily be alleged to change the habit-building environment. The pos- 
sibility of confounding habit and motivation has certainly frightened 
away a lot of investigators. Brown's chapter 15 important in showing 
that there is room for logical and sensible argument against the view 
that one procedure is exclusively motivation-related, another exclu- 


Sively habit-related. 


ПІ. Summary 
ept of motivation was really 


In this chapter we asked if ће concept ‹ 1 
ata from studies of information feed- 


well-established by laboratory d 
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back. A few studies were found which gave good, strong phenomena. 
When good data were in hand, a wrangle about the interpretation was 
always possible. | | | | 
Among the promising leads were experiments involving work 
tasks and findings relating to persistence and the conservation of ef- 
fort. Other leads involved using extra IF, sampling special popula- 


tions of subjects, and selecting subjects on the basis of preexperimen- 
tal differences in achievement. The 


beyond criticism of classification — 
mental designs are not sufficient. 
between the effects of learning 


more promising leads were not 
a major one contending that experi- 
ly advanced to make a separation 

and motivation. The variables now 
used seem inextricably confounded. It was concluded that when and 
ifan unconfounded situation is fashioned, the finding will not help in 
the classification of the confounded techniques. Of course, we must 
remain interested in the outcome of certain procedures whether they 
are confounded or not. 


In many null and near- 


null result studies, the subject was often 
asked to do his best, was 


promised something good, was threatened 
with failure, etc. The null results might be accepted at face value; that 
is, taken to mean that we now know many circumstances where the 
needling and cajoling of the subject has no effect upon his behavior. 
Thus, the search for incentives via laboratory instructions that will 
succeed according to classic plans is far from accomplished. 

The procedures producing null data were carefully examined and 
a number of common Practices were readily observed. The re- 
searchers have sampled well from the following populations: tasks, 
the subject is asked to le ute better responses; subjects, 
healthy competitive males; goal, a higher achievement; incentive, 
praise or a trivial compensation; method of teaching, the subject left 
to employ hisown resources for tactics and strategy; response measure, 
crude indices of progress at learning, seldom measures of quantity of 
output or persistence; length of observation, à few minutes is typical; 
and experimental design, often an inadequate test of the stated theo- 
retical issue. 

Despite all the evident difficulties with the d 
psychologists believe in motivation to some 
also clear that most details of such rel 
tional systems as Hull's take little 


am to exec 


ata, it was clear that 
extent anyway. It was 
atively well-developed motiva- 

real part in the design stages of ex- 
periments on human beings. None of the experiments in this chapter 
is especially outstanding for either its design, data, or theory. It should 
not be taken for granted that a breakthrough is near or that one is pos- 
sible. 
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Animal psyc ists itioni 
much Se eee пене p> F: а This 
я a ur know edge of motivation. This 
renis Bari eia = of university psychologists working 
Тамне al skills for they have all but given up, at least for 
being. Not one of them would deny the powerful influence of 
A ascribe man's unusual accom plish- 
неса "адная ener кыл ы or escape, to his топу. For 
canta s ie m à ^ nd s will leave home to work for years for in- 
wx ede бнт dee а so forth. Others will survive extra- 
comic ch " nile others die rather quietly. These strong and 
cael a ons do not yield readily to our standard arsenal of 
s and praise. They cannot readily be studied in the laboratory 


with si 
ith simple tasks and college sophomores. 


incentives in general. They all 
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CHAPTER 9 


Information Feedback’ 


INA McD. BILODEAU 


Tulane University 


I. Introduction 
Sensory feedback is both a common and significant event: its 
significance “. . . in the organization of behavior arises from the fact 
that most of the stimulus changes to which the individual reacts are 
produced by his own motion . ." (Smith, 1962, p. 9). This recent 
statement and the 2500-year-old empirical dogma that the senses are 
assertion of sensory 


the gateways to knowledge combine into а strong 
feedback's dominant role in ongoing and future behavior. The present 


chapter deals with a modest portion of sensory feedback, those stimu- 
lus consequences of human behavior under the experimenter s con- 
trol and variously called knowledge of results, reinforcement, and 
information feedback. Nonetheless, even of this modest topie the 
immodest claim has been made (E. А. Bilodeau & Bilodeau, 1961, p. 
250) without contradiction (Fitts, 1964, p. 280) that "Studies ar feed- 
back or knowledge of results - - - show it to be the strongest, most 
important variable controlling performance and learning...." To 
demonstrate information feedback's relevance in even à well-estab- 
lished visually guided skill, close your eyes and try to =e afew sen- 
tences in your best handwriting, or introspect on rhetorical questions 
t by the Air Force Office of Sci- 


d in pari 
ates Air Force, under AFOSR 


as supporte 
United St 


"The preparation of this chapter wa à 
entific Research, Office of Aerospace Research, 
Contract No. F44620-68-C-0072. 
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such as the fate of a remotely controlled car whose driver gets no indi- 
cation of where his steering movements put the car. . 
Such demonstrations can also illustrate the danger to systematic 
exploration that comes from feedback's obvious importance. Eliminat- 
ing feedback is neither the only possible ma 
for showing how it controls behavior. Cues can be displaced in time or 
space as well as omitted, or even varied separately and in any combi- 
nation (Smith & Sussman, Chapter 4; Gould, 1965) of reactive (from 
the responding member), instrumental (from the control being 
moved), and operational feedback (from the environmental item 
being acted upon). The fact that we can control the kind of feedback 
signal that behavior produces and how the signa] changes as behavior 
changes is a second reason that information feedback is significant for 
psychology — outside as well as within the laboratory. Displacements 
are no more artificia] in the laboratory than in the everyday world: 
equipment designers, parents, and teachers routinely decide how the 
consequences of behavior will be coded, and examples of feedback 
transformations are easy to find. Eyeglasses, hearing aids, and mirrors 
include feedback stimulation in their transformations and so do the 
magnifying lenses dentists and watch-repairmen use. Radar devices 
Tépresent an error (off-target, off-course) that is large, three-dimen- 
sional, and remote on à small, two-dimensional Scope that is present; 
an airplane's climb, bank, and turn indicators translate position in 
Space to numbers or marker positions on displays 4 few inches across; 
à car's speedometer transforms rate to amount of needle deflection. 


The very presence of an indicator represents а displ 
there are such addition 


cator's location, size, с 
tillery spotter who relays feedback to the 
tions in the way he c 
simple, obvious ex; 
predictor displays discussed 
mensional feedback displ 
simple nor familiar. 


nipulation, nora good one 


acement, and 
ion to decide as the indi- 
divisions. The advance ar- 

gun station has similar op- 
odes degree and direction of à miss. These are 
as the quickened systems and 
in Chapters 7 and 10 involve multidi- 
acements in space and time that are neither 


A. DEFINITION 


Information feedback (IF) refers to stimuli 
the subject's response and contingent on 
function determined by the experimenter. 


IF, = f(R, — R+), (1) 


where R, is a quantitative expression of the R made on Trial n, and R+ 


presented during or after 
the response according to a 
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pie value of the correct (required or goal) R. The f may convert the R 
difference to “yes” or “no,” a deflection on a meter, a number with 
algebraic sign, or any kind of event: the f represents omission, dis- 
placement, or distortion of the error, any temporal or spatial transfor- 
mation. The essence of IF, then, is in what the f makes of the discrep- 
ancy between obtained and required behavior. The object is to find 


how behavior is related to IF variables, to express 
Re =F UFa 2) 


For example, a subject on his first trial might flip the third of ten toggle 
switches when the correct choice is the fifth; R, = 3, R+ = 5, and IF, = 
f(3-5). If f is the multiplicative constant, —2, IF, = —2(3-5) =+4. 
Should this treatment make picking out the correct switch difficult 
compared with a multiplicative f of +1 (where IF, = —2 when R, = 3), 
then behavior is indeed dependent on the preceding IF. 

By this definition IF is a stimulus, an independent variable, and not 
the subject’s cognizance of the consequences of his behavior. The 
experimenter’s making information available [Eq. (1)] is not the same 
as the subject’s taking in, digesting, and using the information [Eq. 


(2)]. The object of manipulating IF often is just to make inferences 
sotheses and how IF controls 


about the subject’s cognitions or Һу 

them (E. A. Bilodeau, 1953; Bourne, 1966; Levine, 1966), but these 
are consequences of IF, classified either as R or as intermediate be- 
tween IF and an overt R. IF (especially under the name “knowledge 
of results”) is an old topic, and a historical survey would reveal devia- 
tions from our definition, including instances in which knowledge of 
results is defined by the subject's awareness of his behavior's conse- 


quences, rather than by the experimenter's manipulations of stimuli. 
derable inconsistency in the general 


A survey would also show consi 

class of variable to which IF is assigned; for example, information, 
making IF a relative of any technique of giving information 
(instructions, demonstration); reinforcement, where IF is handled as a 
relative of satisfiers and punishers; motivation, where IF is treated as 
a member of the class of variables having an energizing function. 
Though the present treatment has an information bias, the limits of IF 


and its status in theory have not been clearly and finally established, 
n supplementary feedback and 


ted in the chapter о: 
Bilodeau (1966, pp. 257-259). 


for reasons elabora 
ad in I. McD. 


instructions (Chapter 8) ar 


B. VARIETIES OF IF 
Holding’s (1965) recent survey makes a useful classification of kinds 
of IF or knowledge of results, summarizing 32 varieties in a branching 
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i ing makes a first dichotomy into intrinsic ( 
ord o rur par artificial (added to the standard); each of these 
Fs i dichotomies is in turn divided into concurrent (during з на 
terminal (after R is completed); the third order of branching = 
guishes immediate (without gap in time between R and IF) са . 
layed (a gap between R and IF); the fourth order separates €— 4 
(physical instruments) from verbal (words, scores); and the fina Si 
chotomy is separate (for each R) vs accumulated (over several R’s). 


The terms in Holding’s classification are necessary vocabulary items 
for understanding the IF literature. 


present in 


C. AREAS OF RESEARCH 


The present survey, however, follows not kind of IF, but research 
areas into which present experiments fall. The division into topics 15 
arbitrary, suited to the kind of task stressed here, and not necessarily 
adequate to the future. Though nearly all research in IF could be con- 
sidered under the single heading, transformations, as involving some 
manipulations of fin Eq. (1), four separate 
guished: frequency and frequency sched 
numbers of IF’s in a series of tri 
and spatial variations in the fun 


areas of research are distin- 
ules—absolute and relative 
als; scale transformations — numerical 
ction relating the value of IF to R; lo- 
cus — IF's temporal placement with Tespect to the R to which itapplies 
and the next R ina series of trials, and also its placement with respect 
to interpolated activity; and augmented IF —supplementing the stan- 


dard task with extra IF or, in Holding’s schema, adding artificial to the 
intrinsic IF the standard task provides, 


D. Tasks 


The following sections include illustrations of variables in a variety 
of motor tasks — serial, positioning, and tracking апа, though inci- 
dentally, in nonmotor tasks, but emphasize positioning. Reducing 
redundancy is one reason for the imbalance: this volume has no chap- 


ter on positioning, while other chapters devoted to a task category, 
Poulton on tracking and Noble on selective learning (Chapters 10, 11) 
include feedback contributions, as do Smith and Sussman on cyber- 
netic theory, Briggs on transfer, ; au on supplementary 
feedback (Chapters 4, 7, 8). Another reason is that positioning tasks 
combine (1) an R that can vary continuously, for versatility in manipu- 
lating the R-IF function, with (2) discrete-tria] presentation, for rela- 
tively uncomplicated demonstrations of the effects of experimental 
variables. Furthermore, if Fitts (1964, p. 280) is correct about feedback 
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п 2d аы а nenm шышы there appears to be little in this 
peculiar to skill learning as distinct from other tasks. . . 
the task used in reviewing the topic is mostly, though not always ^а 
matter of convenience. The major sections of the research review pee 
positioning; other tasks are treated under comment subsections. 
Positioning R's are motor R's that can vary in extent or degree along 
some continuum and can be scored along the continuum for the exper- 
imenter's record. They are used with certain procedural restrictions in 
most contemporary investigations of IF. Figure 1 represents the stan- 
dard sequence of events in positioning studies of IF: the subject sets a 
control (which can be the same wheel, lever, or rudder met in 
tracking); a single setting is made in a trial; there is a break after an R 
before the next R is called for; and IF comes in the break between R's. 
IF is reported in arbitrary scale units to reduce unwanted transfer of 
training from past experience with familiar scale units—a 5° error in 
turning a wheel might be represented by a 2-inch deflection of a mark- 
er on a dial, a 4-inch line by the number 64 (written or oral), a 16- 
› in a column, etc. Two procedures 
are common. When R amplitude is reported, the instructions include 
the value of the required R, and some function of the value of the ob- 
tained R follows R (both in arbitrary units); for example, if R+ isa 67.5 
displacement of a lever, subjects might be instructed to try for a score 
of 45 (or 45 units) and an R or T5? would be reported as 50 units. When 
error is reported, the IF for a 75° R would be “5 long" in the arbitrary 
units above and a 61.5? R would be “4 short”; instructions for the error 
as 45 units, not 67.5°) 


procedure sometimes include the value of R+ ( 
and sometimes advise the subject to “try to make an R of the correct 


amplitude.” 


ounce pressure by the tenth lamy 


Interresponse 


Delay Post -IF 


Trial 1 
Time 


Fig. 1. Typical sequence of events in а positioning task. (From I. Мер. Bilodeau, 


1966.) 
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i 5 5 terminal, and unless concurrent cues are de- 
; Bm T rg am subject is kept (by blindfold, screens, fixa- 
iar. mis watching any effect of his R during its execution; 
Pia ы: auditory, tactile, and other cues the 
tribute are also controlled. Experimenter, contr 
all concealed from the responding subject in th 
treatment, so that, in effect, the experimenter m 
considered either instrumental or operational 
tive cues (Smith & Sussman, Ch 
amplitude and absolute error ( 
stant error), show regul 


apparatus might con- 
ol, and IF display are 
e standard terminal IF 
anipulates what can be 
IF with minimal reac- 
apter 4). The usual mean R indices, 
preferred when Trial 1 has little con- 
ar trends over a series of IF's. 


II. Frequency 


Both absolute ( 


total number of IF's) and relative frequency (IF 
for some, but not 


all R's) have been manipulated. Frequency takes 
other topics because it shows that learning, or at 
eas i €, depends upon the presence of IF and its ab- 
appears very clearly in the need for IF in im- 
performance, or in three repeatedly demon- 
performance fails to improve unless IF is 


i i 5 : ither 
ance improves with IF; and performance eithe 
withdrawn, 


or shows no further improvement. 
i i aina po- 
entative data showing these phenomena in a pc 


proving and sustaining 
Strated empirical effec 
introduced; perform 
deteriorates if IF is 
Figure 2 plots repres 
sitioning task. 

There are some limitations 
They are not meant to c] 


and restrictions on these assertions. (1) 
aim that IF is responsible for all modification 
of behavior, or even all improvement. (2) They presume the general 
kind of situation and definition of IF described earlier, А 
l. Adaptation changes behavior, and can reduce error. There is 
even a rare example of improvement in performance taking place with 
practice when there is neither obvious IF nora ready adaptation ex- 
planation (Pearson & Hauty, 1960), In some highly overlearned tasks 
previous learning rather than present IF may control R, and warm-up 
might be mistaken for learning, Pretraining instructions and demon- 


strations can also benefit performance by Providing useful information 
that precedes R and is not, strictly, 


IF (E. A. Bilodeau & Bilodeau, 
1961). It would be inconsistent to rate the information in IF as the im- 
portant aspect and then maintain that only IF can change behavior. 
The order in which information 


and R occur may sometimes be trivial, 
but as the usual order is R-IF, IF iş ordinarily necessary. 
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Trials 


20-24 


Meon absolute error 


IFs 1-5 


Successive trials 

withdrawing IF early and late in a series of 
15 with no IF, IF withdrawn after two or six 
first five trials with IF for Groups 19 
ing in Group O. (After E. A. 


Fig.2. The effects of introducing and 
trials. On the left, mean error against tria 
trials, and IF on every trial; on the right, the 
(Trials 1-5) and O (Tria s 20-24), showing no late 
Bilodeau, Bilodeau, & Schumsky, 1959.) 


nt learn 


2. We are taking for granted a task in which external R-contingent 
cues have been eliminated except the ones the experimenter deliber- 
ately provides. Some devices have IF built in; adding another signal 
does not introduce IF, nor does withdrawing the addition bring IF to 
zero. Extra signals are matters of supplementary (artificial or 


augmented) IF (Chapters 7 and 8), not of frequency. (If a person can 
see whether he has drawn a 3-inch line, telling him whether he has 
would make little difference unless the seen and heard IF’s are mark- 


edly different functions of R value.) -— 
Eliminating R-contingent external cues does not mean removing А- 
produced internal stimulation, such as kinesthetic feedback, but not 


all R-produced cues are IF. By our definition, IF means either a stimu- 
ini ained 
lus whose value is determ! between obtaine 


ned by the difference е 
and required R’s or separate stimuli coding obtained and required R 8. 
Only if kinesthetic standard or kinesthetic error stimuli are offered 
(Lincoln, 1956) do we label kinesthetic stimulation IF: When we ask if 
R-produced stimulation that does not satisfy our definition of IF is 
sufficient for learning, the answer seems to be quite generally that it is 
not. In positioning, as Fig. 2 illustrates, neither a learning curve nor 
evidence of latent learning shows UP. when there is kinesthetic feed- 
back but not IF. Kinesthetic feedback is important, of course 
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(Holding, 1965), and one way to look at learning is as the building of a 
scale relation between feedback and IF—as Bahrick, Fitts, and 
Schneider (1955) refer to using knowledge of results to sharpen the 
use of kinesthetic feedback (see also Kay, Chapter 2). But unless 
happy chance fits an old scale to a new situation ( 
with transfer of training, not present learning) 
proper present translation. 

The final item of digression is the distinction between frequency 
and R-contingent procedures in which R's of one cl 
an external signal and R's of another class 


are not. R-contingent treat- 
ments, as when the experimenter says ' 
nothing after incorrect, f; 


"right" after correct R's but 
all under scale transformations and are 
treated there. On early trials, the absence of right or wrong may be 
equivalent to omitting IF—the data certainly support this view — but 
the subject can deduce its meaning; more important, of course, is that 
bony ie nothing is an R-contingent cue when its oucuirenue depends 
P4 — whether it is a good cue is another question. Relative 
iin 1 TE OL MIR only when a blank can follow an R of any value, 

€ when b anks are prescheduled and the absence of. right, wrong, or 
BE mer is ambiguous (Bourne, Guy, & Wadsworth, 1967) | | 
ee esi 2 present one kind of evidence of the role of IF’s 
tor en en in performance and learning: (1) with succeeding 
at "еа а Ii nr асу. falls. toward a minimum; and (2) 
I и j^ i rud when IF is withdrawn after the larger 
As мв 1 E gure 2 also verifies that a first series of R's without 
es not lead to latent learning. Other evidence of the influence of 
шш ep (total number of R's followed by IF) and сайа 
requency (rati "s $ Е ^ 
genie IF's Ps аре нм Беа obtained tor giving goca 
Subjects turned a knob exem D a E aey: ок 
er, depending on treatment group, IF followed ovine nU d ia 
/t), eve 


third (33%), every fourth, or ev 
3 р " ery tenth R. а і 
was adjusted so that all subjects received 10 do окно 


Absolute frequency’s effect is presented j 

es mye Mu oi after an IF are plotted: absolute number 
F's is e same for the four groups and Las c M : i 

With absolute frequency constant, no di relative frequency differs: 
to relative frequency, and the ex EX 
ы 379 perimenters сопс e atabs 
frequency was the learning variable, re] concluded that absolute 
least up to a 10% ratio. Performance, p] 
against ordinal number of R, rather tha 
100% treatment yields 
discontinuous, step-fu 


where we explain 
, IF is necessary to a 


ass are followed by 
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Pei x 
у, una ы 


Absolute error (degrees) 


R's after IF Successive R's 


ney of IF. On the left, mean error on 
constant and relative frequency 
aks in the discontinuous curves 


(After E. A. Bilodeau 


and relative freque 
absolute frequency 
Trials 2-11, bre 
frequencies variable. 


Fig. 3. The effects of absolute 
trials immediately after IF, with 
variable); on the right, mean error on 
indicating IF's, with absolute and relative 
& Bilodeau, 1958a.) 


change in R (error, overall, increases à little), change occurring be- 
tween an R for which IF is given and the next R in the sequence. À 
later study (Larré, 1961, discussed in Section IV, B) verified the find- 
ing that R improvement (the learning curve) depends upon IF and its 


absolute frequency. 


A. FREQUENCY COMMENT 
omplex tasks treated in 


ous techniques in the more c 
roduce losses when IF is removed or given 


Brogden, 1955; Poulton, 1957). Fre- 
a wide variety of tasks, motor or not. 


Psychophysical judgments and watchkeeping behavior are modified 
when IF is introduced (Chinn & Alluisi, 1964). In four-dimensional 
discrimination problems for which he could infer the subject s hy- 
pothesis from choices on blank trials, Levine (1966) gave an arbitrarily 
prescheduled “right” or * wrong" after every fifth choice and found 
blank-trial effects quite like those in Fig. 3: response-patterns gave 
no evidence that blank trials led to any change in the subject's hypoth- 
esis. Estes discusses comparable findings in reviewing probability 


Roughly analog 
Chapters 7 and 10 also p 
intermittently (Battig, Voss, & 
quency's role seems clear across 
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learning (1964, pp. 104-106). Bourne and Pendleton (1958) and ene 
and Noble (1962) varied relative frequency of IF and found greater 
error over a block or series of choices the fewer the IF's within : 
block; and Bourne et al. (1967) report absolute frequency the control- 
ling variable for "correct" and/or “wrong” IF’s. 


III. Scale Transformations 


This section covers numerical 
example, variations in the number rep 
and in the location of a target followe 
are significant because they make IF 
separating IF’s effect on R-ch 
IF's can follow the same 


and spatial displacements, for 
orted to the subject as his score 
r on a display. Transformations 
independent of the value of R, 
ange from the value of R itself: different 
R in different treatments and the same IF can 
follow different R's. At the extreme, the IF's can be decided in ad- 
vance and chance allowed to determine which R's will be paired with 
which IF's (E.A. Bilodeau, Sulzer, & Levy, 1962; Levine, 1966). Vary- 
ing the kind and degree of relationship between behavior and its feed- 
back [manipulating f in Eq. (1)] yields the most direct evidence of IF's 
Most important property: that R-change depends upon the direction 
and magnitude of error signaled in IF. Rate of acquisition or limit of 
accuracy varies with the function converting R-error to IF, and if one 
R-IF relation can establish an R, another can as readily steer one away 
from the R (Fig. Т). Frequency manipulations show that R-change is 
contingent upon IF and scale transformations show how. Frequency 
siduals of IF experience and scale transfor- 
ance of the most recent IF. 
about displaced IF, orthe definition IF = f(R), is that 


H + . "s 
ported to the subject) is not R, nor the experimenter 5 
proper R-measure. The experimenter me; 


asures R on the same scale 
for all groups in an experiment. While he rounds in entering R in his 
records (reads 3.127 inches and records 3.13, 3.1, or 3 inches), he 
rounds all groups to the same tolerance, measuring R before, not after 
transforming. The IF may be “a hit,” but the R recorded is the same 
—13° that would be taken for the same R in a treatment where IF = 
—13°; or the R measure is taken from the subject’s pencil track through 
a maze or his joystick position, not from the TV screen that provides 
displaced IF or the CRT display that Presents some function of stick 
position. Otherwise subjects may differ in score because they act alike 
but get different scores for the same behavior, or because their behav- 
iors differ (I. McD. Bilodeau, 1966, р. 279). Tt is also advisable to Te- 


stresses the cumulative re 
mations the import 

A point to note 
IF (score re 
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cord the R-measure more accurately than to two or three categories: 
the difference between a hit and a miss can be less than the difference 
between two hits or two misses; and the kind of error can be as signifi- 


cant as frequency of hits. 

IF, then, as a function of the difference 
the R required, can be any function, simple or complex, arbitrarily 
determined by the experimenter; and how behavior (scored on a 
common scale for all treatments) is affected by the function relating 
IF, to R, is the primary question in IF research. 

To begin with, an equipment designer is free to specify sensory 
modality and stimulus values: the error for pushing, pulling, or turn- 
inga knob can be tied to dial and pointer, words, or tones through ear- 
phones; the particular dial, word code, etc., are as optional. Further, 
deciding, say, that R is drawing a line, limited to the range 0-12 
inches, and IF is pointer position on a 4-inch dial does not fix what 
pointer position will correspond to what length of line. In line-draw- 
ing and other positioning tasks what remains to be decided provides 
the topics of the areas surveyed below: scale grain, rounding error 
in converting R’s to discrete IF’s on a discontinuous IF scale; con- 
tinuous transformations, kind and degree of distortion from simple 
proportionality between R and IF scales; and goal shifts, varying 
the value of R+ between trials. Though numerical displacements are 
more frequent than spatial in positioning, there are examples of the 
spatial displacements typical of tracking displa and the distinction 
has not so far proved important in terminal IF treatments. 


between the R executed and 


A. SCALE GRAIN 
rror is most easily summarized: rounding (for example, 
h, whole number, multiple of 10, etc.) reduces R 
ing behavior is not sensitive to coarseness of IF 
are the tolerance allowed in 


accuracy, but position à 
le-grain variables 

umber of other IF values—the 

ble. The relation 


scale grain. Obvious sca 
and the n 
1 the size of the 


Rounding e 
to the nearest tentl 


signaling a hit (target size) UM е 
coarser the grain, ће fewer the different scores passt 
of IF to R is stepwise and discrete, m either case, v е ee 
step may vary with the value of R. Figure 4 presents = dd е fer all 
grain transformations in which tolerance about R+ is SN or al 
treatments; though they were used in tracking, uer edere wii 
tioning possibilities nicely. The steps may be кш че G ); ipod 
mediate and with a smaller step about R+ (В); uniform and sma ( n 
essentially continuous, (D): or any other size and arrangement. The 
+ is, of course, unaffected by the error dis- 


R-scale, or R-error measure, 15. ation is: 
played to the subject. The R-IF function 15: 
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IF, =(R,—R+,,) — (R,-R',), (3) 


where R', is the midpoint of the step interval in which R, falls and (R, 
—R',) < 1/2 (i), the size of the interval. - 
Trowbridge and Cason (1932) early demonstrated that termina 
feedback for amount and direction of error was more effective Wi 
right and wrong. Rounding to the nearest unit, multiple of 5, 10, 598 5 
units in reporting error to the subject (for turning a knob without vi- 
sual cues, R+=8 full turns or 200 units), E. A. Bilodeau and Rosen- 
bach (1953) found only the severest rounding (steps of 40 and 50 units) 
detrimental to performance, and only early in practice. The writer 
used the same task in an unpublished study that illustrates both 
rounding's effectiveness and its limitations. O 
formation about magnitude and direction of error (MD), another direc- 
tion (D) alone, and the third magnitude (M) e 
with IF, and in this case D (with only three possible IF's, "low, 
“hit,” and “high”) was as £ood as MD, but M was inferior. Optimal 
positioning accuracy does not demand carefully refined IF; and 


though there is no present clear example, it may be that overrefine- 
ment can be detrimental. 


ne group received in- 


only. All groups improved 


Pg 

oe 

Bo 

2 

8 = 

og 

1 
о о o 
True error 

Fig. 4. Discontinuous transformation: scale grain. Displayed error (IF) against R error. 
(After Hunt, 1961.) 

B. Con 


TINUOUS TRANSFORMATIO 


Rounding introduces unsystematic distortion into the R-IF conver- 


sion, on one trial shrinking, on another in flating the R error in translat- 
ing to IF, and positioning behavic 


or is not susceptible to this noise. 
Increased-(IE) and reduced-error (RE) treatments are continuous 
transformations, related to rounding error, that have a systematic bias 
in displacing IF-from R-scale. With scale grain they cover the topic, 
target size or the range of values about R+ for which IF is “a hit” (E. A- 
Bilodeau, 1955a). The insert in Fig. 5 gives an example of an RE trans- 
formation and its IE opposite, Comparing the functions in the insert in 


NS 
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Fig. 5 with those in parts C and D of Fig. 4 brings out both their joint 
coverage of target size and the differences between the discrete and 


continuous displacements. 
Inan RE condition IF is expressed as 


IF, = (В, = В+) – К (4) 
when (R, — R+) 2 k, 

IF, = (К, = В+) +k (5) 
when (К, — В+) = k, and 

IF, = 0 (6) 
when /(R, = R+)/S/k/, 

and in an IE treatment as 

IF, = (В, - К+) +k (7) 
when R, = R+, and 

IF, = (R, — В+) – А (8) 


when R, = R+. 
In RE any R within the range R + + k will yield “a hit” as a 
any error is reduced by up to k units. In IE no R can produce "a hit, 
and IF exaggerates any R error. ТЕГ 
The data plots in Fig. 5 show the effects of systematic distortion on 
turning a knob hidden from view. Direction WP ccr sed e ерге 
sented by RE and IE parameters, magnitude, the indepen n 
able in Fig. 5, by different values of k for different groups in both 
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Magnitude of transformation 
nd reduced error. In the insert, an ex- 
fects of kind and amount of dis- 
ffects on between- 


Fig. 5. Continuous tra formation: pp pos 5 
ample of the R-IF displacements; on the left, Le ipte 
yr at the end of practice; оп $ 
iabili After E. A- Bilodeau, 1955a.) 


placement on mean е 
and within-subject variability. ( 
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and IE. The left half of Fig. 5 shows that systematic increases and ae 
creases in reported score produce the same kind of R trend as ie - 
ing: subjects are not easily affected, but very severe displacements do 
have adverse effects on performance, especially in RE. 

The estimated variances in the right half of Fig. 5 use the data of the 
last three trials and suggest how R-repetition and R-change depend 
upon the direction and amplitude of reported error, and they account 
for the interaction of IE and RE R-error trends. A point on 1 
subject (BS) curve reflects the variability of the individual's mean for 
the three trials from the general mean of his group; the subject x trials 


(S X T) component reflects the magnitude of trial 
in a subject 


a between- 


-to-trial swings with- 
s R-profile. The more the subjects of a group differ from 
each other in average R-amplitude, the 1 
estimate; the more a subject diffe 
larger the subjects x trials. 

All four variance trends in Fig.5 
direction of error as the key vari 
peat or vary their behavior. 


(everyone free to choose his 
betwe 


arger the between-subject 
rs from himself from R, to R,,.1, the 
are consistent with magnitude and 
ables in getting human beings to re- 
Under the experimental conditions 
amplitude of R,), Trial 1 showed wide 
en-subject differences, The IF in severe RE distortions should 
Serve to continue these differences: everyone's IF, is "correct" or 
"close," cuing the subject to repeat R, or modify its amplitude only 


slightly in his second try. The IF,’s, in turn, are “hits” or numbers in- 
dicating near-hits, ete. 


Subjects whose IF, cues little or no change 
from R, to К+ are encouraged to continue making their initial con- 
stant errors. They should differ widely from each other and be consist- 
ent from trial to trial, in keeping with the steeply rising between-sub- 
jects (X’s, solid curve on the right in Fig. 5) and the fl 
(X's dashed curve) trends for RE. This const 
accounts for the positive acceleration of 
RE (X’s, left side of Fig. 5). Quite the op 
ior under IE. There is no "correct" 
small undershoot, IF reports a large undershoot, a cue to 
in Ry; IF, inflates the degree of Rgs overshoot, c 
The IF, always an error signal, encourages 
and wider swings the larger the IE 
lines on the right in Fig. 5), and disc 
shoot on one trial bal 
solid lines). 

One hypothesis on the ineffectiveness of fair-sized RE distortions is 
that there is a limit to R-accuracy (note the 20-unit asymptote in Fig. 5 
at RE — 0) and that IF accuracy under this limit is 
cific hypothesis is that generalized R-tendencies 


at subjectsx trials 
ant error in R amplitude 
absolute error with increasing 
posite is true of IF and behav- 
to cue R repetition. If R, has a 
an overshoot 
uing a small Ву, etc. 
alternate ups and downs, 
distortion (closed circles, dashed 
?^urages constant errors — the over- 
ancing the undershoot on the next (closed circles, 


wasted. A more spe- 
about R+ summate to 


9. Information Feedback 269 


ir range of RE values. Summation ef- 


fects, however, should be less when В+ varies from trial to trial, and 
an unpublished lever study by the writer showed no interaction of 
two RE values and constant (C) vs variable (V) goals. AV subject had 
a different goal (R+) on each of 13 trials and was told what value of 
R+ to try for on every trial, sequence of goals different for different 
subjects. A C subject had the same goal on every trial, different sub- 
groups representing the V group’s various goals, so that every goal 
entered both V and C on every trial. Average R error was about twice 
as large for V as C at the end of training, but RE had no more effect on 


V than on C. 

Other continuous transformations v 
the size or direction of reported error w 
tions and linear transformations that vary size 
intercept. The data in Fig. 6 (from an unpublished study by E. A. 
Bilodeau) show the effect of positive linear transformations of IF for 
two different goals: rate of approach to the limit, but not limit of accu- 
racy, is affected by magnitude of transformation. Magnitude of re- 
ported error shows its effect in the r of .70 between IF, and В, (with r= 
Ло between R, and В) in a reworking of data from a similar study 
(E. A. Bilodeau, 1953b); the importance of direction of reported error 
appears in the drop from R; to Re produced by giving smaller scores 


(Schumsky, 1959). 


produce a dominant R+ for a fa’ 


ary the R-IF function to change 
‘ith curvilinear transforma- 
and sign of slope and IF 


for larger R's 
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sformations. On the left, the R-IF trans- 
nd amplitude of goal R. 
rror for each goal. (From 


formation: linear tran | s 
he effects of linear transformation a 
ys a percentage of the obtained range ofe 
t by E. А. Bilodeau.) 


Fig. 6. Continuous trans 
formations; on the right, t 
Mean error is plotted 
an unpublished experimen 
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C. GOAL SHIFTS 


The purpose of changing goals between trials or trial blocks — using 
different R-IF relations on different trials —is to relate R and R-change 
to an error signal that cues an R different from R’s cued by earlier IF’s 
—to determine the weight of IF, in controlling R,,,, against the weight 
of recent R-IF history, and with such variables as size and number of 
shifts. The data show that magnitude and direction of error reported in 
the immediately preceding IF have major influence on R change. 


The transformations, }\, fo, . . . f,, in this section can be expressed as 
goal changes, i.e., 


f, ^ (R - R+.) (9a) 
f = (R — Въ) (9b) 
f, = (R— Rz) (9c) 


9r, as accurately, as changes in the IF intercept (b) in the linear func- 
tion, IF = m (R — К+) + b, m and R+ constant, 


fi — (R — R+) + b, (10a) 
f. — (к= R+) + p, (10b) 
f, — (R — R+) +b, (10c) 


The more general heading, R-IF Shifts, would be misleading, as posi- 
tioning has ignored other parameters of the R-IF function in shifting 


from one continuous function to another. This has not been the case of 
other kinds of tasks. 


Positioning studies have also confounde 


goal alternation though this is not necess ry, and behavior depends on 
both IF and instructions, which are sufficiently related to be consid- 
ered together in the preceding chapter. ў 

Positioning work on goal shifts falls into three groups. (1) Counter- 
training, in which subjects first acquire an R of given amplitude and 
then, without instruction, receive IF, = (R,—R+) + nb on successive 
trials. Figure 7 summarizes a countertraining treatment, the “Goal” 


dinstructions and variety of 
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ion (Goal) and its effects on R 
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rtraining. R-IF transformat: 
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iven at l-week intervals with 
constant goal were given in one close 
an & Bilodeau, 1962.) 


Fig. 7. Goal shifts: counte 
amplitude in countertraining trials gi 
layed (1 week). Training trials to the 
block and with immediate IF. (After Ry 


line, and its outcome. (The immediate-delayed distinction can be 
ignored). After eight lever training trials, 20 units (4°) were added to 
the obtained discrepancy (from R+ = 180 units) on the first counter- 
training trial, 40 units on the second, etc. The first modified IF short- 
ened R (R, in Fig. 7) and further countertraining continued to reduce 
R amplitude. However, the subjects did not anticipate the next modi- 


fication in IF, but corrected for the last error signal, and undercorrect- 
wing, pating. While 


ed, even when scored for follc rather than antici 
R+ = 180-20n on the nth trial of countertraining, R, approximated 
180-15(n-1), rather than either the 180-20n of perfect anticipatory cor- 
rection or the 180-20(n-1) of perfect following. (2) Unsystematic goal 
changes from trial to trial, the subject told to guess each trial’s goal, 
usually test the properties of specific feedback models, but make the 
point of other transformations: that the reported difference between R 
and R+ controls R change. Rosenberg (1963), for example, found good 
agreement between the distributions of goals and R’s with a knob- 
turning task. In one of Rosenberg's treatments, the standard deviation 
of the distribution of goals was 3 times that of another, a difference 
comparable to a difference in magnitude of two IE treatments, and 


to 
Il 
to 
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with like effects. The within-subject variance under the large error- 
signal exceeded variance under the smaller through 15 10-trial blocks. 
(3) Systematic cyclical, goal-alternation over blocks of trials, the sub- 
ject not told that his goal will change, as in a lever study by E. A. Bilo- 
deau (1952) that varied magnitude and direction of goal shift between 
alternate 5-trial blocks and found both effective. All groups had f, " R 
in block 1, shifted to different f.'s, В + b, in block 2, returned to f, in 
block 3, etc. In the unmodified blocks (f) 


, all groups approached the 
common R+, and in modified (fs) blocks they diverged. Undershoot 
IF's (negative values of b) 


increased R in proportion to their absolute 
value; overshoots produced proportional decreases in R, as in counter- 
training. There was no learning-to-learn transfer over cycles; ampli- 
tude change from R, to R,., with a shift in goal was more related to В„ 
and IF, than to ordinal number of the cycle. A second experiment 
(E. A. Bilodeau, 1953a) varied the number of trials in a cycle. Again R 
changed with every goal shift, but not enough for a hit; as trials in the 
new block continued, obtained R’s more closely approximated the 
new R+. When R+ changed in single-trial cycles, obtained R tended 
toward a compromise halfway between the two goals, with decreasing 
between-trial variability from the first to the last shift. Less obvious, 
but apparent, damping trends appeared in the behavior of groups with 
2-, 4-, 6-, and 8-trial cycles, where the final R in successive cycles was 
slightly closer to an R intermediate between the alternate goals. In 
two-choice situations the relative probabilities of the two choices be- 
ingcorrect influences the subjects toward a probability-matching solu- 


tion (Estes, 1964). But when a compromise in R amplitude is possible, 
some compromise is taken 


) ; minimizing the frequency of very large 
reported discrepancies between required and obtained R's. While 
change from R, to R,,, at points of shift was clearly related to IF,, the 
damping is an example of residuals of prior experience acting to con- 
trol behavior. 


D. TRANSFORMATION COMMENT 


Both scale-grain and full-scale transform. 


tracking (see Hunt, 1964, for good examples) and the transfer of train- 
ing literature provides evidence ofthe effects of many ways of shifting 
the R-IF relation (see Chapter 7). Some obviously comparable ma- 
nipulations, scale grain, for example (Hunt, 1961), affect tracking much 
as positioning. Others fit one of our Major classes — for example, the 
choice of compensatory or following 


display (Hartman & Fitts, 1955; 
Poulton, Chapter 10) is a continuous transform 


ations have been studied in 


ation — but have mean- 
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dy assigned them in the tracking literature. 
Goal-shifts makes little sense where the required R varies throughout 
a trial, though display noise, changing the tracking pattern, and shift- 
ing control-display relations all have some analogy to varying R+; the 
reader should refer to Chapters 7 and 10 for tracking transformations 
and to Chapter 4 for a cybernetic treatment of displacements in 


general. 
For nonmotor tasks, again, there are likenesses and differences, but 


certainly transformation treatments (Bourne, 1966, pp. 310-311). A 
very common transformation is infirming and confirming IF in 
choice or discrimination tasks. These are R-contingent treatments, 
closely related to, and sometimes crossed with, frequency (Levine, 
1966; Bourne et al., 1967), that demonstrate that an error signal is criti- 


cal for R-change and improvement. Bourne (1966, pp. 308-309) and 
ritical summaries of the 


Bourne et al. (1967) have excellent, brief, c 
variety of interpretations of the characteristic result. The usual proce- 
dure is for the subject to choose one of two or more discrete alterna- 
tives — selecta word from each pair ina list, or sorta deck of cards into 
2, 3, or 4 categories; R'sare scored as correct or incorrect; in the stan- 
dard r (confirming) condition “right” follows correct R's and the ex- 
perimenter is silent after wrong choices; in the standard w (infirming) 
condition, “wrong” follows incorrect choices, nothing correct choices. 
The wn combination characteristically scores as well as the control 
(“right” for correct and “rong” for incorrect R's) and the nr com- 
bination scores worse. The earlier emphasis on differential rein- 
forcing values for "right" and “wrong” has been yielding to informa- 
tion processing and absolute frequency accounts (Bourne et al., 1967) 
as experimental design and data analysis have become more sophisti- 


cated. А 
The primary factor in the typical outcome by the usual scoring 
methods seems; however, to be the gency of R-change on IF's 
signaling that R is in error. Transformation studies n that n ү per 
son changes what he is doing when he ена signa that iwi n is 
doing is wrong (whether it is or not), and (2) continues what he is 
a signal that his 


а imits he gets 
doing (within task-dependent limits) when. g Н 
behavior is not in error. The frequency studies add to this that (3) be- 


havior does not change (again within limits) when there is no signal at 
all; though n is an R-contingent cue and can acquire directive proper- 
ties, it has none at first and in early trials can be considered equivalent 
to omitting IF. Table I spells out the implications of these three gen- 
eralizations for the differences in scores to be expected in the usual 
three combinations of r, 0, and n when the subject chooses one of two 


їп и] subclass labels alrea 


contin 


to 
N 
EN 
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Table I 
ILLUSTRATION OF CHANGE IN р 


"Л 
AND I^ WITH RIGHT (r), WRONG (w), AND NOTHING (n) IF. 


ENTRIES ARE HYPOTHETICAL PROBABILITIES OF R+ AND R—. 


ROBABILITY OF R's SCORED CORRECT 


R-contingency 


wn nr L^ 
Р T ——- R- 
IF Trial R+ R- R+ R- Bm > 
5t 
E E 1 50, 24 
w — change 2 B0 «227 .50 
1 5 50 
т — repeat 2 p^ 50 
n — no change і 50 50 
2 БИ 50 
а .50 
50 50 50 50 19 00 
00 1.00 50 50 1.00 Ц 


“Entries are hypothetical 
"Arrows in the body of th 
of Ry’s is expected to fall. 


probabilities of R+ 
e table indicate 


and R—. 


Р i Р sa viven class 
into which В, scoring category a diver 


items and several pairs of items define a trial. Table I assumes that th 
probabilities of correct 


and incorrect R's are equal on Trial 1 and (less 
reasonably) that the rules work perfectly. In this oversimplified hyp” 
thetical example, both the infirming and the control groups are 100 g 
correct in their choices on the second trial, while the confirming 
treatment remains at the 50% level, Clearly, this effect is a scoring аг- 


tifact for any Interpretation of score differences in terms of “wrong” а 
more potent as a punisher than ‘ 


“correct” as a satisfier; for such an in- 
terpretation, scores for choices followed by nothing are irrelevant, 
whereas in Table I it is the difference in the scores for “nothing 
choices that makes the difference between infirming and confirm- 
ing conditions. The effectiveness of “wrong” vs “correct” is at 
issue but choices are equally correct on Trial 2 regardless of «нере 
they were wrong on Trial 1 and followed by “wrong” or correct "t 
followed by "correct." Moreover, We can predict the rank orders О 
confirming, infirming, and control treatments without recourse to dif- 
ferential strengths of reinforcement for "right" and "wrong." 

Though the kind of situation Table I presumes seems unlikely si 
provide a critical test, Spence (1964) using just such a situation di : 
find evidence in accord with the present account. Plotting percen 
correct over trials, and breaking down not only by treatment group, 
but according to whether items Were correct or incorrect on the last 
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trial, showed little or no treatment differences for items correct on the 
preceding trial, and a large treatment difference for items scored in- 
correct on the preceding trial, i.e., if the choice was correct it was just 
as likely to be correct next time when the experimenter said nothing 
after the choice as when he said "right"; but if the choice was wrong, 
the choice on the next trial was much more likely to be correct after 
"wrong" than after nothing. Spence concluded that these and earlier 
data can be explained by nothing's acquiring information value more 
rapidly with w than r feedback; if so, the rate of information gain is 
likely a function of the error signal's getting the subject to change his 
R. Certainly giving meaning from the start by telling the subjects that 
right (wrong) R's will not be followed by "correct" (^wrong") wipes 
out the difference between twn and nr (Spence, Lair, & Goodstein, 
1963). 

Levine (1966), has a neat illustration of the w — change, r— repeat, 
n» no change expectation under conditions where n cannot acquire 
t- or w-meaning. That Bourne et al. (1967) were able to relate perform- 
ance to total number of IF's w’s and/or r's, by varying the proportion 
of both r and w signals, suggests that we may need to combine R- 


change and frequency accounts. 


IV. Locus 


Locus means IF's position in the trial cycle and includes three 
intervals (see Fig. 1): delay — time from R, to IF,; post-IF —time from 
IF, to R,,,; and interresponse — the sum of delay and post-IF intervals, 
time from R, to R,,,. 

Delay of IF is the only interval with a lengthy history, a history of 
dispute, attributable to enthusiastic misapplication of gradients of 
food delay from instrumental conditioning. Though conditioning 
sought variables that controlled slope and extent of gradients, human 
learning looked for one gradient of IF delay corresponding to one food- 
delay gradient. Champion and McBride (1962) point out also that R- 
error measures are used with human, latency with animal subjects; 
their latency measure, though delay and interpolated activity were 
confounded, did yield delay of IF effects. For both feedback and food, 
moreover, systematic thinkers have doubted the effectiveness of 
(empty) delay alone. Human positioning studies reinforce their 
doubts. Less of the controversy can be blamed on conflicting data 
despite the fact that only the delay interval was considered until re- 
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cently, while adequately designed studie 


; r 
s of positioning and othe 
simple tasks find only the other two interv 


als of consequence. 
A. EMPTY INTERVALS 


ials. à nd 
Lorge and Thorndike (1935) used a simple task, discrete trials, ат " 
IF, before R,,, “.. . to discove 


activities, 

Though there are three intery 
in Fig. 1 and their effects c 
mental design. Fixing two 
stant, varying one of the oth 
val stays cons 
lengthens, and behavioral effe 


als to consider, they are confounded 
annot be separated without careful expe i 
determines the third; if one is held cot j 
ers varies both. If the interresponse m 
the post-IF period shortens as му 
$ can as reasonably be assigned to de 
urrent designs control the three цата 
ample, a subject can get IF and later a ud 
Post-IF interval constant (from the reminder) = 
ay interval varies: д single experiment can have 
three sets of treatments, a different one of the three intervals сода, 
from set to set; if on rvals has an expected optimal value, ! 
can be held at its pres imum as the other two are covaried s 

Studies using these techniques 
report that lengthening the i €rresponse interval (E. A. Bilodeau & 
Bilodeau, 1958b; Denny, Allard, Hall, & Rokeach, 1960) or shortening 
the post-IF interval has adverse effects on performance (Weinberg, 
Guy, & Tupper, 1964). 

Neither recent nor older Studies give much empirical support to g 
gradient of delay in positioning, or in other tasks where the subject 
learns a single R and gets IF before he has to use it. The outcome in 
Fig. 8 is typical, the difference b 


etween delayed and immediate mei 
ments in Fig. 7 is not, and the experimenters attributed their .05 leve 


difference to chance. Very crudely, the fading-trace notion considered 
only delay and presumed that the hypothetica] trace of R, decayec 
over time; if R, was correct, immediate IF stamped in a connection a 
a trace level similar to the trace at the time R+ was made, and delaye 

IF stamped in at a very different trace level. If IF was wrong, somp 
ing out happened with traces like and unlike the wrong-R trace “i 
immediate and delayed IF, respectively. But R, is not the only 2 
that can decay or be interfered with; IF, alternative R’s, and the ne 


vals in several Ways. For exa 
minder of IF to hold 
interresponse or del 
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Fig. 8. The ineffectiveness of empty delay of IF in positioning. Mean error against 
trials, with short and long delay. (Based on data in Larré, 1961.) 


dominant tendency are all at least potentially susceptible to forgetting 
(E. A. Bilodeau et al., 1962; E. A. Bilodeau & Levy, 1964). Time after 
as well as before must be considered: it takes time to take in IF, and 
plan R,,,; and the interresponse interval is always taken into account 


When there are at least two trials. 


B. INTERPOLATED ACTIVITY 


Delaying IF can reduce positioning accuracy when the delay inter- 
val exceeds the interresponse interval, displacing IF by one or more 
B’s (trials-delay). For example, with a 1-trial delay the sequence is Ry, 
В, — IF,, Ry — IE, ... К, — IF; with a 3-trial delay the sequence is 
Ri, Re, Ra, Ry — IF,,... Ry — IF,-s. Accuracy improves over successive 


IF’s even with 5-trial delays, but is better the less the trials-delay, 


though the subjects know about the displacements (I. McD. Bilodeau, 
1956). The writer suggested that making other R’s between R, and IF, 
increases the opportunity for interference and confusion, analogous to 
the demands on the subject in tracking with lag. Larré (1961), howev- 
er, showed that merely making R’s did not matter, at least when sub- 
jects were told in advance which R's would have IF. Even 6 R's with- 
out IF, made either before IF, (with 50-seconds delay in IF), or after 
IF, (with 2-seconds delay), did not influence the accuracy of „у. 
There was no effect at all, much less a differential effect for locus 
(delay or post-IF interval) of interpolated activity. Larré's subjects 
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held R amplitude constant over R’s withou 
mediately after IF (as in other rel 
confusing the R to which IF belor 
quences. R-change cued by IF se 
effect of delay and interpolated R's under trials-delay treatment. ww 
Less has been done with interpolated activity in the post-IF ved 
val. Larré (above) varied number of R's without IF interpolated м 
tween IF, and R,,, and Blick and E. A. Bilodeau (1963) varied i 
amplitude of a forced interpolated R, both without effect, but Bann 
and E. A. Bilodeau (1964) introduced set-breaking activity into n 
post-IF interval and found it effective, The best present guess is tha h 
will not be easy to find successful manipulations, but that there ar 


: ‘ks 
some. Goal-shift studies ( olated R-IF pairs between trial-blocks) 
also offer reason for opti 


t IF, changing R only А 
ative frequency treatments) so d 
nged could not have serious eee 
ems to be critical for the combine 


interp 
mism. 


C. Locus COMMENT 


‘thin-trial 
uses the sequence of within ма 
е delay aspect of locus is паа 
mportant. Recent attem pts to replicz 


s of the past have not been successful! 
(Bourne, 1966, рр. 304-305), nor, except in positioning, does the inte 


response interval seem to have important effects separable from the 
problem-solving activity of the pos 


CIF interva] (Bourne, Dodd, Guy; 
& Justesen, 1968). 


The first thorough investigation of the post-IF interval and good 
demonstration of its significance Were in concept identification where 
delay of IF yielded null results (Bourne & Bunderson, 1963). Later 
research in concept and verbal tasks has borne out and extended the 
original work to s rtant interactions with task complexity, 
feedback mode, and interpolated activity (Bourne, 1966, pp. 302-308; 
Jones, 1968). Simple, uncomplicated delay of IF does not жо 
lengthening the Post-IF period (which subjects presumably fill with 
their own thinking activity) improves performance, though there is an 


optimum length, varying with task complexity, beyond which perfor- 
mance falls off, 


The picture for delay is ve 
speech. When the subject r 


events schematized in Fig. 1, th 
and the post-IF interval can be i 
the rare positive delay outcome 


how impo 


ty different in tracking, Бапан ӨР 
esponds continuously to a a aa 
changing display, or waits until the end of a series of R’s for his IF, зч 
in the R-IF sequence is disruptive (Chapter 10; Section VI, a 
in positioning, concurrent IF is superior to terminal. Figure 9 г м 
how trial-and-error learning profits from (serial) IF after each cho 
compared with (terminal) IF at the end of a series of choices. 
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Termina 


075 


R probability 


0.50 


5-Trial blocks 


Fig. 9. An effect of delay and interpolated R's. Probability of a correct R in trial-and- 
error practice with serial and terminal IF. (After Noble & Noble, 1958.) 


Continuous-R tasks, however, do not test the effects of empty time 
(of which few psychologists expect much), though they do point to 
significant variables that can fill the time between R and its IF. To cor- 
rect a present tracking error on the basis of a displayed error partly 
determined by present preprogrammed input, partly by past R output, 
would require separating the two, remembering both past program- 
and R-input, and estimating the effects of intervening R's for which 
there has not vet been feedback. Any variable that reduces the accu- 
racy of short-term prediction is detrimental to tracking performance 
(Conklin, 1957), and human beings are imperfect at keeping account 
of past events (Pollack & Johnson, 1964) or extrapolating target 


courses (Battig et al., 1955). 


V. Augmented IF 


Here augmented IF has the same meaning as artificial, extra, or 
supplementary IF and implies no distinction between (1) extrinsic 
and intrinsic R-consequences that are natural or necessary to respond- 
ing or (2) IF's that enhance learning and those that benefit perfor- 
mance (see Holding, 1965). Supplementary IF is any R-contingent 
stimulus added to a standard task, the standard task defined either ar- 
bitrarily or by its usual form. If a click and the words “а hit" accom- 
pany R+ in the standard task, adding a flashing light after R+ (or after 
errors of larger than 20 units) augments IF. If standard IF is “a hit" 
and a new version of the apparatus adds a click for R+, the click ver- 
sion has extra IF. Because studies of augmented IF test for residual 
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effects of augmented training in st 


transfer of training (Chapter 7) or 
tion. 


2 їп 
andard test, they can be a 
under shifting the R-IF transfor 


A. TERMINAL VERSUS CONCURRENT IF 


sk offers ter- 
he subject turns a knob his display iig 
position of his R marker relative to the es 
r example, the subject can watch eo 
t throughout R’s course — and score » : 
Ps, trained with augmented IF, к 
task, ог augmented- and standar й 
tests without IF, Procedural амон" 
concern mapping ог patterning various combinations of ane 
standard, forced, and non-IF trials. While itis present, the augmente 
IF increases accuracy, but standard training yields superior accuracy 
in either a standard test or one without IF. Transfer of training from 


augmented to standard ТЕ positioning is positive, however, and i 
creases with the number of preshift trials, 


trained groups are compared in 


B. AUGMENTED COMMENT 

Most of the augmented-IF effort in 
cues bear on how well sul 
tingent cues. This questi 
about kinds of manipul 
standard IF justifies lur 


positioning asks how training 
jects manage later on with minimal R-con- 
on’s similarity to the heavy skills question 
ations that bear on the later effectiveness o 

nping together two quite different sets of IF 
transformations, Augmented tracking tasks include the standard IF 
(for example, distance between target and follower on a display screen 
—not always “a hit”) and an additional transformation of the R-error 


(say, a tone when the R is within certain limits of R+). A standard- 
trained control group is с 


augmented-trained groups in a 
standard test for trans ; but experimental designs ne: 
quently shift from standard to augmented IF as well. The augmente 
cues have been continuous and discrete, delayed and immediate, on- 
target and off-target, Mapped in various proportions (relative fre- 
quency of augmented IF) with Standard-only IF, etc. Outcomes it 
correspondingly more diverse in continuous-R tasks, but are brie D 
summarized here because two other chapters (Chapters 7 and f 
consider them. The variety of results likely depends on variables in 
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the augmented IF (Williams & Briggs, 1962) and variables that could 
be controlled in the standard task (I. McD. Bilodeau, 1966, p. 277). 

During training, augmented IF for continuous performance is not 
always superior to standard; for example, novices at the piano or type- 
writer make fewer errors when they watch their hands (augmented, 
visual, reactive IF), but the final ceiling of performance is much 
higher under standard (touch) than augmented (sight) IF. Laboratory 
comparisons often find adding extra IF beneficial to scores in training, 
perhaps because so many use the Pedestal Sight Manipulation Test 
With its notoriously poor standard IF. Extra IF has less effect on de- 
vices in which standard IF is not so obviously poor; there are cases of 
no difference, better, and even worse performance. The between- 
experiment differences during training (while the supplementary sig- 
nal is present) suggest the standard task’s importance. Obviously, if 
Standard performance is good, if attention is not divided over several 
displays, if the standard R-IF function is near optimal, etc., there is lit- 
tle room for profit from extra IF. Some start has been made toward 
identifying relevant variables in standard IF (Kinkade, 1963) and re- 
lating over all and component performance to extra IF for single com- 
ponents of multicomponent tasks (E. A. Bilodeau, 1955b), but most of 
What can be done awaits exploration. 

Residual effects of training treatments appear in the large amounts 
Of positive transfer from augmented to standard and standard to aug- 
mented IF. When the extra IF has an advantage in training, much of 
the advantage is, usually, lost with a shift to standard IF and the re- 
sidual continues to shrink as the standard test continues. (See I. McD. 
Bilodeau, 1966, pp. 276-278.) 

Predicting how standard tests will rank augmented- and standard- 
trained groups requires a combination of what we need to know about 
the standard task to predict training, and about variables 2 the aug- 
mented IF itself. Chapter 8 gives an idea of the conflicting positions 
possible. Even an information view of adding another IF transforma- 
tion that works must take into account at least three possibilities. (1) 
The extra IF might add a second set of independent R’s cued only 
when the extra IF is present and therefore irrelevant to the test. (2) 
Extra IF might help in interpreting the standard (also given), and 
benefit training- and later standard-performance. (Extra and standard 
IF could, of course, be conflicting cues to the direction and amplitude 
of R-change required to correct an error, to the detriment of training 
and test.) (3) Augmented IF might provide the dominant cues to error 
correction, leaving the subject in the standard test with cues that he 
has not learned to respond to in training. There are hints of all three in 
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continuous R studies, but fur 
evidence from deliber 
iables. 


М : ble without 

ther discussion is not profitable tod vir 
s r ente 

ately manipulated standard and augmen 


VI. Summary 


d Р e vari- 

Information feedback (IF) is defined as an paper und 
able and as any function of the discrepancy between the R mad 9м гн 
the R required. The function relates IF to R by some transformati 


2 : ‘ зеет, 
space, time, degree, number of different functions presented toge 
etc. The four research 


н " atl 

areas reviewed support the conclusion tha ^ed 
determines whether Subjects will continue with or change their 
havior. 


l. Frequency treatments show that beh 
only when IF is present. Positioning 
fects of past IF's. 

2. Scale transform 
change to direction 
importance of the present IF. Ever 
shift subjects away from a well-est 


common conclusion in tracking th 


> i oves 
avior changes and d of 
findings also show residua 


ations relate direction 


е avior 
and amplitude of beha 
and magnitude 


of reported error, emphasizing Ee 
n a single large reported error à 
ablished positioning R; and it i5 s 
at skill is more a matter of reacting’ 
quickly to displayed error than of acquiring fixed sequences of RS. 

3. Locus includes more than delay of IF. Unfilled (and sometimes 
filled) delay from R to IF is ineffective, Accuracy does decline when 
the subject must m 


М asa 
ake his next R before he has IF for the last R as i 
cue to the required modification in behavior, and temporal lag in con 


tinuous-R tasks is damaging to performance, The wait from one IF to 
the next R is an effective variable in many tasks and the total time 
between adjacent R's affects the accuracy of simple motor R's. 


4. Augmented IF has different effects from task to task, both while 
the extra IF is present and in tests 


after it is removed. These incon- 
sistencies should become predictable effects of IF when the R-IF 
transformations of both augmented IF and IF in the standard task are 
controlled. 
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I. Introduction 


the man has to keep a response marker in 
ay on the leftof Fig. 1(A) contains 
and down. The man tries to 
d upon it, so that both 


: In pursuit tracking 
line with a moving target. The displ 
à spot labeled "track," which moves up 
keep the short horizontal line superimpose 
move up and down together. In the psychological laboratory the pur- 
a simplified version of pursuit tracking. The stu- 
lus. The other end rests by 
ontact with a 


Suit rotor presents 
dent holds one end of a loosely hinged sty 
gravity on a horizontal platform, and has to be kept in c 
small rotating target (Ammons, 1955). 

In compensatory tracking there is only one moving element. This 
has to be held stationary over a fixed reference mark, from which it 
tends to move away. The display on the left of Fig. 1(B) contains a spot 
labeled “error,” which moves up and down. The man tries to keep it 
on the fixed horizontal line. Imagine holding the needle of the speed- 
ometer of a car stationary ata given point on the scale. This is done by 
driving at a fixed speed, and is an example of compensatory tracking. 
In both pursuit and compensatory tracking a continuous disturbance 
is normally fed into the display. Here it will be called the “track” or 

input,” but engineers usually call it the “forcing function.” 
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DISPLAY BLOCK DIAGRAM 


Vision 


Track Track input wn 
t Pursuit Control 
A : 
PURSUIT T display | „ system 
Man-Machine 5 
tput 
ES Man- Machine Output 
Мо 
TOR Control 
8 
COMPENSATORY 


output | Control 
Control Ser 
Fixed zero 
1 
i 


Mon- Machine Output 


Fig. 1. Displays and block diagrams for (A) pursuit and (B) compensatory tracking. In 
pursuit tracking the track and the man have separate markers. The man has to keep his 
marker (the short horizontal line in the display above on the left) superimposed upon 
the track marker (the round spot). In compensatory tracking there is only one moving 
display marker (the round spot). This shows the difference between the movements 


з. by the track and by the man. The moving marker has to be held stationary on 
the fixed line. 


In acquisition tracking the target and response marker usually start 


Stationary and superimposed. One of them suddenly steps to a new 
position, and the man has to Superimpose the marker on the target 
again. Acquisition tracking can be regarded as a special case of pursuit 


or compensatory tracking in which the track consists of steps sepa- 
rated by periods of no movement, 


Two other kinds of tracking have received less attention in the labo- 
ratory. Both involve ; 


a track extended in Space like a wiggly line or 
road. The commonest in everyday life can be called “self-paced con- 
tour” tracking. Here the man moves along the track at his own speed. 
Examples are tracing the contour of a map with a pencil, and driving а 
car along a narrow wiggly road, i 

In paced contour tracking the man moves along the track ata prede- 
termined speed. For example he may steer a car which has been engi- 
neered to travel ata fixed speed. Figure 2 shows a laboratory example. 
Here the track is drawn on a paper t ёз at 


ape which approaches at a fixed 
speed. The man controls a stylus or marker which moves across the 


paper tape at right angles to its direction of approach. He has to keep 
the marker superimposed upon the Wiggly track as it nasses: Tu bati 
kinds of contour tracking the man can normally see the track some dis- 
tance ahead. When this preview is taken away the task resembles pur- 
suit tracking. 
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Direction of movement 


of paper 
1 
Motor pulling 
paper 
p 
E | | 
| | | Subject's 
seat 
Screen 
_—- 
| 
| 
oF | | 
| | 
S / producing 
tring to variable l input | 
speed drives [Screen 
—— en 
| 
Weight ол 
end of string 
Roll of paper 


Fig.2. An experimental arrangement used in paced contour tracking, seen from above. 
The paper tape moves up the figure at a fixed speed. At the bottom of the figure a pen 
draws a wiggly track on the paper. This comes into view from behind a screen. The е 
perimental subject holds a ball-point pen in the groove formed by two bars of transpa 
ent Plexiglass. He attempts to keep the tip of the pen on the wiggly track as it pas 


(After Poulton, 1964.) 


8. 


П. Characteristics of tracking Tasks 


A. PRECISION OF MOVEMENT 


All behavior can be said to involve decision and action. The study of 
selective motor learning is concerned mainly with decision. The man 


may have to decide which one of four buttons to press, or in which of 


four directions to move a lever. His error is determined by whether 
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the response selected is the correct one or not. The button Or m 
simply to be moved sufficiently far to make an electrical um es 
exact distance it moves and the exact force exerted on it by the mar 
are not considered. | 

In contrast the study of tracking is concerned more with the execu- 
tion of the response. Here error is assessed in terms of the precision of 
the movement, the exact distance moved or the exact force exerted. 
The man is usually supplied with only one control; he does not have 
to choose between controls as he often does in selective motor learn- 


ing. Thus studies in selective motor learning and in tracking empha- 
size different aspects of motor behavior. 


B. TIMING 


In selective motor learning the man is 
as quickly as possible, and his response 
applies to acquisition tracking, But in 
response required depends upon the ti 
stant the man has to make а moveme 
quired size changes all the time ( 
movement e 


usually required to respond 
time is measured. The same 
all other kinds of tracking the 
me taken to make it. At any in- 
nt of a required size, but the re- 
see Fig. 2). Making the correct size of 
ither too early or too late is equivalent to making the 
Wrong size of movement, and is penalized accordingly. 


C. THE INDEPENDENT VARIABLES 

In an experiment on tracking the experimenter has to decide what 
kind of track he is going to use, what kind of display, what kind of con- 
trol, and what kind of control-system dynamics. These independent 
variables are represented by the block diagrams of Fig. 1. In each case 
the experimenter has to select from a number of possible alternatives, 
and his experimental results will be determined by his choices. In this 
chapter it will be assumed that independent variables other than the 


one under discussion have values which complicate the picture as lit- 
tle as possible. The independent variables do interact, but the effects 
of the isolated variables must be 


understood before looking at the in- 
teractions. 


III. The Track 


A. ISOLATED STEPS AND BALLISTIC RESPON: 


Acquisition tracking has the advantage th. 
which the man responds can be defined рге 


SES 


at the visual stimulus to 
cisely. One of the display 
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markers suddenly steps to a new position, and he has to restore align- 
ment as quickly as possible. When the man cannot anticipate the stim- 
ulus, his reaction time is almost independent of the size of the step. 
But with a simple lever control his rate of movement and acceleration 
vary with the amplitude of the step, being greater for larger steps 
(Searle & Taylor, 1948; Taylor & Birmingham, 1948). The man’s first 
shot at restoring alignment tends to be accürate to within about + 
10%. If an appreciable error remains and he has plenty of time, he 
may have another shot. This also will be accurate to within about 
+ 10% of the misalignment it is correcting (Craik, 1947). 

It seems clear from the consistent pattern of acceleration of the 
movement, and from the short time of about .2 second which it nor- 
mally takes, that the movement is carried out without voluntary moni- 
toring. The display can be covered up while the movement is being 
made without affecting its accuracy (Craik, 1947). Thus the movement 
must be prepared in advance and triggered off as a unit. Craik de- 
scribed it as a ballistic movement. The right portion of Fig. 3 illus- 
trates what happens if the experimenter unexpectedly alters the appa- 
ratus and thereby tricks the man into making the wrong movement. It 
takes him almost .3 second after he notices that something is wrong 


Movement 


we Lion 
SR, SR, К В; 


Time === 


Fig. 3. Oscillographic chart illustrating the reaction time for the amendment of a re- 
h is marked S on the chart. He had then 


sponse. The man heard a click, the time of whic 
to pull a lever, which required a force of about 3 ounces, to move a pen over to a marked 


Position. A typical response labeled a is shown on the left. On rather less than a quarter 
of the trials a solenoid unexpectedly operated as soon as the lever started to move. This 
increased the load on the lever to about 20 ounces, and required a more powerful re- 
sponse labeled b on the right. For three experimental subjects the mean reaction time to 
the click (the time between 5 and R, on the chart) was .21 second. The mean reaction 
time to the increased load on the lever (the time between R, and R) was .30 second. 
The response in the figure at time К. was not powerful enough to move the pen as far as 
the marked position, and a third response had to be made at a time Ry which is difficult 


to specify. (After Hick, 1949.) 
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before he can correct it. By this time the initial mov 
mally have been completed (Hick, 1949). 


ement will nor- 


B. PAIRS OF STEPS AND THE Psy 


CHOLOGICAL REFRACTORY 
PERIOD 


When the stimulus of a second step is presented within about а 
second after a previous stimulus, the second response is likely to be 
delayed. The man may not expect a second stimulus so soon, and may 
not be ready for it (Poulton, 1950). But if the interval between the 
two stimuli is less than about .2 second, the response to the second 
stimulus will be delayed by about 1 second even when the man is 
expecting to have to make a second response at this time. This has 
led to the concept of a psychological refractory period comparable to 


the refractory period of an isolated nerve, but of longer duration (see 
Welford, 1967). 


The psychological refr 


actory period can be investigated by pre- 
senting the man with on 


e of two possible stimuli, to which he has to 
make the appropriate response perhaps with his left hand. Soon after- 
ward the man is presented with one of two more possible stimuli, to 
Which he has to make the appropriate response with the other hand. 
When the interval between the two presented stimuli is .3 second or 
longer, the second response need not be delayed if the man has had 
sufficient practice, Instead the response to t 
delayed, though only by about .05 second 
Broadbent, & Van Sant, 1963). The man 
his computing Capacity in readiness for 
does not have the necessary capacity available to deal at maximum 
rate with the first stimulus. Whe 

able and can be as short as .05 s E Second stimulus may 
occasionally arrive before the man has Started to respond to the first 
à single combined response to the two 


he first stimulus may be 
on average (Gottsdanker, 


ends and the second response begins, The difficulty is illustrated at b 
in Fig. 3. The response at ti 9 


the pen all the way over to the required 


Scissa as at Вз, is not easy 
his difficulty of interpreta- 
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c been overcome by using responses which are recorded sepa- 
rately. 


C. SERIES OF STEPS AND THE RANGE EFFECT 


When the man is presented with a random series of steps, he learns 
their average size, and his responses are partly determined by it. With 
the larger steps the man's rate of movement tends to be slower than it 
was before learning, and he tends to undershoot them. With the 
smaller steps his rate of movement tends to be faster than it was before 
learning, and he tends to overshoot. This range effect is shown in 
more marked form when the steps follow each other in rapid succes- 
sion (Slack, 1953a, b). 

If the man is presented with a repeating series of steps, he soon 
learns the sequence, and the amplitude of his responses becomes 
more accurate (Poulton, 1956). He may initiate a movement a little too 
soon, like a premature reaction in the classic reaction-time experi- 
ment. Even if he always waits for the stimulus before responding, he 
can sometimes be caught out by a surprise step which calls for a move- 
ment of unexpected direction or size. The man may make the re- 
sponse appropriate to the expected step, instead of to the surprise step 


(Slack, 1953a). 


D. RAMPS AND RATE MATCHING 


A ramp track produces a constant disturbance. The ramp used most 
frequently in tracking has a constant velocity. Constant acceleration 
and constant rate of change of acceleration (“jerk”) tracks have also 
been used. At the start of practice with a constant-velocity track anda 
simple lever control the man tends to lag behind the track. He corrects 
his error on average about once every 5 second. But once he becomes 
aware of the nature of the track, these intermittent corrections have 
superimposed upon them a constant rate of movement. The man re- 
sponds at a rate which more or less matches the rate of the track, and 
intermittently corrects the error between the two. The rate element in 
the man’s response is clearly apparent at the end of the ramp. He con- 
tinues to respond at the same rate for rather more than a reaction time. 
Eventually he notices that the ramp has ceased, and stops responding 
(Craik, 1947). 

E WAVES AND PROGRAMMED RESPONSES 


single sine wave depends upon its fre- 
ly lor2 cycles per minute or less, 


E. SINGLE SIN 


The task set in tracking a 
quency. When the frequency is on 
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the task is not unlike that of tracking a constant-velocity ramp. At 
higher frequencies the practiced man may attempt to match the rate of 
the track by including an acceleration term in his response, corre- 
spondingto the learned acceleration or deceleration of the track. Often 
the intermittent corrections of misalignment involve changes in rate 
rather than discrete movements altering position, and are difficult to 
detect. 

When the frequency of a single sine-wave track is 60 cycles per 
minute or above, the man attempts to generate a function something 
approaching a sine wave of the correct frequency and amplitude. He 
adjusts its phase, amplitude, and position on the display, from time to 
time to match those of the track. This is illustrated in Fig. 4. It is very 
much easier to do in pursuit tracking than in compensatory, since the 


man can see the movements of the track which he is tr 


ying to copy, 
and the nature of 


any error he makes. With practice he may not need to 
correct his performance for periods of a second or two (see Fig. 4). He 
may be able to track during this time as accurately with his eyes shut 
as with his eyes on the display (Poulton, 1957). 


Б + iE 
B O 
g ы 5 Response 
5 
g 
a 

үз 

=| Track 

} 1 1 1 ГЕ П j 

o ] 2 3 4 t 4 


Time (seconds) 


Еір. 4. Oscillographic chart illustrating the performance of aman tracking a sine wave 
of 60 cycles per minute. He used a pursuit display and a simple lever control. The error 
function at the top was derived automatically by adding the response function below it 
to the track function at the bottom, paying attention to the sign. As time passed the 
man’s cyclical response function tended to lag further and further behind the track. This 
is reflected by the increasing amplitude of the error function shown at the top. After 4 
seconds the man introduced a correction by reducing the amplitude of the downward 
response labeled a. This eliminated the time lag, but lefta constant position error on the 


display, labeled b on the error function. A second later he overcorrected it by making a 
downward response of unduly large amplitude labeled c. (From an unpublished re- 
search report circulated in 1950.) 
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F. MULTIPLE SINE WAVES AND THEIR LEARNABLE CHARAC- 
TERISTICS 


, A combination of two sine waves can produce a track which appears 
fairly random for short periods, provided the frequencies and ampli- 
tudes are carefully selected. However, to avoid the possibility of the 
man learning the sequential nature of the track, it is safer to use three 
or more sine waves of different frequencies with phase relationships 
which vary in a nonrepetitive fashion. A still more irregular track is 
provided by white noise with the higher frequencies attenuated by a 
filter. Some of the learnable characteristics of these quasirandom 
tracks are the mean position on the display, the mean and approximate 
maximum amplitude, the mean frequency, and the approximate maxi- 
mum rate of movement. It must be emphasized that no irregular track 
can be really random ifa man is to track it successfully. High frequen- 
cies of large amplitude make tracking virtually impossible, and have 
to be excluded. 

White noise presents a far greater problem to the man than a track 
with a learnable sequence. Difficulty can be increased by increasing 
either its frequency or its amplitude. Doubling either doubles the 
average velocity. But whereas doubling the amplitude practically 
doubles the average size of the tracking error, doubling the frequency 
may have more or less effect than this, depending upon the character- 


istics of the other independent variables. 


IV. The Display 


A. PURSUIT AND COMPENSATORY DISPLAYS 


The difference between a pursuit and a compensatory display was 
described in Section I and is illustrated in Fig. 1. A pursuit or true- 
motion display has two moving markers. On the left of Fig. 1(A) 
the round spot shows the track movements, ог the required state of the 
System at the present time. The horizontal line shows the actual state 


ofthe system which results from the man's response movements. 

А compensatory or relative-motion display has one moving and one 
stationary marker. On the left of Fig. 1(B) the horizontal line is fixed. It 
shows the required state of zero error. The moving spot shows the 
nature of the error. This is the difference between the track move- 
ments and the outcome of the man’s response movements. f e 

From the point of view of the man a pursuit display has four distinct 


Pe , 959; 
advantages оуега compensatory display (Poulton, 1952a, b). 
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l. The man can see the movements of the track marker шен 
dently of his response movements. Thus he can learn the sequentia 
and statistical characteristics of the track relatively quickly. . 

2. From the visible rate of the track marker, he can predict de uma 
will be, and the rate at which it will be moving, a short time ahea " 
With irregular tracks of high frequency, the visible rate of the trac 
marker alone is not enough for accurate prediction. The man needs to 
know also the sequential and statistical characteristics of the track (see 
Section IILF). Once he has learned these (as he can relatively quickly 
with a pursuit display) he can make better predictions based upon 
both the present visible rate and the known characteristics of the 

track. 

Successful prediction is essential if the man is to compensate for his 
reaction-time lag. In order to keep up with the track, he needs to know 
what it will be doing during his reaction time. Prediction is particu- 
larly important when the control system has a time lag built into it 


which is much larger than the man’s own reaction time. It is necessary 


to aim well in front of a flying bird in order to shoot it. If the target is 
moving really fast, like a racing car ora low-flying airplane, it is neces- 
sary to predict still further ahead. 

3. A third advantage of a pursuit displ 


results of his response movements independently of the track move- 
ments. If the output of his control is transformed by the dynamics ofa 
control system before it affects the display, he can learn what effect a 
particular control movement or pattern of movements has. And since 
he receives immediate knowledge of results of the effects of his con- 
trol movements, he can discover what movement or pattern of move- 
ments is required to produce a particular effect. 


4. A final advantage is the status information available in a pursuit 
display. If an error develops, the m 


an can see whether it was caused 
by an unexpected movement of the track, or by an error in his control 
movements. 


A compensatory display has the four corres 
The man cannot see the track 


put of his control system. And hec: 


ay is that the man can see the 


ponding disadvantages. 


is a stationary error pointer. Th 


is gives him no visible indication of 
what response to make next. 


Finally, he can never be sure whether an 
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error which arises is due to his failure to appreciate the track move- 
ments, or to his failure to make the correct pattern of control move- 
ments. Many so-called “radar-assisted” collisions between ships in 
fog used to be due to errors of navigation caused by this lack of status 
= in the then standard compensatory radar display (Calvert, 
iE C single compensatory display over a pursuit 
ues en е {тас ing task is so easy that the error is small even 
he compensatory display. It is then possible to increase the gain 

of the compensatory display, until the error marker moves over most 
of the face of the display without disappearing off the edge. This mag- 
nifies the error, and so improves the man’s performance somewhat if it 
i being held back by the size of the smallest error which he can see or 
is willing to tolerate. It is not possible to increase the gain of a pursuit 
display beyond the point where the track marker covers most of the 
face of the display, however well the man tracks; for he cannot tell 
what to do if the track marker disappears. 
But when the tracking task with a compensatory display is difficult, 
the effect of the man's control movements may at times add to the er- 
ror produced by the track movements. It is then necessary to reduce 
the gain ofthe display beyond the point where the error marker would 
never disappear off the edge of the display by itself, to the point where 


a track movement combined with an inappropriate control movement 
would not make the error marker disappear off the edge. With a pur- 
affect the movement of the 


suit display the man's responses do not 
track marker, which determines the optimal display magnification. 
Thus with a difficult task the display magnification may have to be 


smaller for a compensatory display than for a pursuit display. 
Unfortunately, most of the experiments in which the two types of 


display have been compared have used factorial designs, in which the 
same men have performed a number of different tasks in close succes- 
sion. Such designs often produce asymmetrical transfer effects be- 
tween conditions, and are quite unsuitable for this kind of research 
(Poulton & Freeman, 1966). Using a simple design in which the trans- 
fer effects could be evaluated, Andreas, Green, and Spragg (1954) 
found reliable positive transfer when a pursuit display was followed 
by a compensatory display, but no transfer in the reverse direction. 
This favored the compensatory display. Asymmetrical transfer effects 
of this kind may account for the results of the odd experiments in 
which pursuit and compensatory displays have been compared, and 
the compensatory display has been found to be the better (see Poul- 


ton, 1966, p. 372). 
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B. QUICKENED AND PREDICTOR DISPLAYS 


When the dynamics of the control system 


are complex, it is possible 
to relieve the man of the necessity of learning them. This is done by 


presenting him with a display which takes them into account. A quick- 
ened display shows the man how to move his control in order to 
achieve and maintain the required output of the system (Birmingham 
& Taylor, 1961). He has simply to make control movements propor- 
tional to the size of the displayed error. He does not have to learn to 
understand the control system. Quickening the display changes the 
task performed by the man from tracking low frequencies with a com- 
plex control system, to tracking higher frequencies with what appears 
to him to be a simple control system without lag. By easing the man’s 
task it can greatly reduce the error put out by the system (Taylor & 
Birmingham, 1956). 

A prototype predictor displ 
shown in Fig. 5. This display 
learning the dynamics of the 
the difference between the re 


ay for tracking in one dimension is 
also relieves the man of the necessity of 
control system. The ordinate shows him 
quired output of the system and the pre- 
dicted output, while the abscissa extends this information from the 
present time into the future, The man can see what future results his 
present control movements will have, and can adopt control move- 
ments which will bring а it of the system. This 


again reduces the diffic a complex control system 
(Kelley, 1962) 


about the required outpu 
ulty of tracking with 


J 

NN 
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m 
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Fig. 5. A prototype predictor display for controlling the 
the predicted error in depth over the next 10 seconds о 
gradually returns his control to the neutral position. (Afte 


depth of a submarine. It shows 
n the assumption that the man 
r Kelley, 1 962.) 
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The predictor display allows more flexibility than the quickened 
display, in that it offers the man a choice. He can select any one ofa 
number of paths to his goal, depending upon how quickly he wishes 
to achieve it. With the quickened display only one path is offered. But 
both display systems suffer a disadvantage of automatic systems. The 
systems work well only under conditions similar to those for which 
they were designed. If conditions become too different, the offered 
path or the predicted outcome may cease to be correct. Using the dis- 
play system may then lead to disaster. 


C. LINEAR AND NONLINEAR DISPLAY MAGNIFICATION 


f There is an optimal size of linear magnification of a display (see 
Section IV,A). When the magnificationis too low, the man cannot see 
the misalignment and rate of movement sufficiently well. When the 
magnification is too high, a moving marker is liable to disappear from 
the face of the display every time the amplitude of the track is too 
large or the man makes a large error (Battig, Nagel, & Brogden, 1955; 
Hartman & Fitts, 1955). 

Markers can be prevented from ¢ 
play by the use of nonlinear display 
the display, where the moving markers spend most of their time, is 
magnified. The magnification of the peripheral part of the display, 
where the markers do not go so often, is correspondingly reduced. By 
a skillful selection of the kind and degree of nonlinearity, it might in 
principle be possible to obtain the benefit of magnification without 
the disadvantage of losing the markers. However what results there 
are have been disappointing. People are not accustomed to displays 
where the center is magnified and the magnification falls off symmet- 
tically toward the edges. They have come to assume that displays are 
linear. With the nonlinear display an error does not look as large as it 
in fact is when the markers happen to be near the edge. So the man is 


likely to make too small a correction. 


lisappearing from the face of a dis- 
magnification. The central part of 


D. ALTERNATIVE SENSORY DIMENSIONS 

almost invariably use the sensory dimension of 
visual direction and length. This is clearly so much better than other 
sensory dimensions that few experimental studies have been reported 
comparing them. Ever since early childhood people have Ьеёй eo 
ing for objects in different directions at different distances, and they 
have got pretty good at it. Other sensory dimensions have not received 


anything like so much practice. 
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The best alternative visual display so far discovered is remp a 
pair of flashing lights, one on each side of the man’s field of view. The 
direction of the error is shown by which of 
flashing. Size of error is indicated by rate of fl 
the faster the rate of flash. This display h i 
a rather small and poorly designed conventional compensatory dis- 
play. Its disadvantage is the usual one of displays using a sensory 
dimension other than visual length: itis not easy to tell from the rate 
of flash how large the error is. Its advantage is the very clear indication 
which it gives the man of the direction of the error (Brown, Holmqvist, 
& Woodhouse, 1961). 

Changes in brightness also have been used to indicate the size of 
the error, but they are not as good as changes in visual length (Moss, 
1964). The same holds for changes in rates of movement. It is easier to 
try to hold a display marker ona fixed reference line than it is to try to 
hold it stationary anywhere on the display (Poulton, 1967). This is 
because when there is an error of a certain size, itis easier to assess its 
size from the distance away of a reference mark than from a rate of 
movement, 


the two lights is on and 
ash; the larger the error, 
as been found to be as good as 


Presenting a sound to one ear or the other gives 
tion of the direction of the error. As 


nal the size of the error. The rate of interruption of the sound has been 
used. This corresponds to the rate of flash of a visual signal. But track- 


ing is nowhere near 50 accurate with this auditory display as with a 
conventional visual compensatory display like that in Fig. 1(B) 
(Mowbray & Gebhard, 1961). Vi Pratory displays placed against the 
skin have also been tried, but the results appear no more promising 
(Hahn, 1965). 


an excellent indica- 
always, the problem is how to sig- 


V. The Control 


A. STYLUS AND JOYSTICK 


The most precise tracking is achieved 
hand and wrist as they are used in writing and drawing. Thus a stylus, 
held like a pencil and moved over the surface of the display, is about 
twice as quick for locating targets as is a joystick operated by the hand 
(Baker, 1960, p. 157). An additional advantage of the stylus is that its 
tip is actually the controlled display marker. This is the most compati- 
ble control-display relationship (see Section V, B). 

If a joystick has to be used, there ma 


Y not be much to choose be- 
tween one operated by the thumb, the hand, or the forearm when the 


by using the muscles of the 
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task is easy. But when the task is difficult the hand joystick is the best 
and the joystick operated by the forearm is the worst (Hammerton & 
Tickner, 1966). This is because the anatomy of the hand is designed to 
enable it to make quick precise movements, and the hand practices 
them all the time. The thumb also is designed for quick precise move- 
ments, but it does not normally have to make movements of the kind 
used in operating a thumb joystick. The foreatm is designed as much 
for strength as for speed and precision. Foot pedals permit the use of 
still greater force, but with still less speed and precision. 


B. COMPATIBILITY OF CONTROL WITH DISPLAY 


The perfectly compatible control is the display marker itself. When 
the man wants to move the marker, he simply takes hold of it and 
moves it directly. The nearer a control can approach to this ideal, the 
simpler the coding problem becomes for the man. In order to mini- 
mize the coding problem the control should be mounted as close as 
possible to the display, should move in the same direction as the dis- 
play marker, and should have the minimum of control-system dynam- 
ics upsetting the direct relationship between control and display 
movements. 

A single joystick is more compatible with a two-dimensional display 
on a cathode ray oscilloscope than are two levers for movements in the 
x- and y-planes, respectively. Thus where the dynamics of the control 
system are the same in both dimensions, tracking is more accurate 
joystick. But where the dynamics are different for the 
and do not interact, the man has in effect two separate 
his case two levers are best, because a response 
accidentally operate the 


with the single 
two dimensions 


tasks to perform. In tl 
intended for one control system does not 


other one (Chernikoff & LeMay, 1963). 


C. CONTROL RESISTANCE 
best tracking performance when it is 
t moves, which determines the effect it 
sed to operate it. And it returns 


A joystick or lever gives the 
spring centered. The distance i 
has, is then proportional to the force u 
to its central position of zero output when the man lets go. If an accu- 
rate output is required, a simple lever control should be allowed to 
move through its fullest extent (see Section VI, C). But if speed of re- 
action is what matters, and the exact size of the output is of only sec- 
ondary importance, a pressure stick is better. This is a stick which vir- 
tually does not move at all, and which gives an output proportional to 
the pressure exerted on it. In operating a pressure stick time is taken 


only in exerting pressure on it. No time is taken in having to move the 
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stick to the required position, as is the case with a free-moving wt D 
And as soon as the pressure is released, its output returns instantly to 
he advantage of spring centering is that the spring resistance gives 
the man a sensory indication or “feel” of the amplitude of his control 
movement. It is particularly useful to him where he cannot obtain the 
information directly from the display. This is the 


case when he has a 
compensatory display, or when the relationship between a control 


movement and its effect upon the display is complicated by the dy- 
namics of the intervening control system. 

Performance with a Spring-centered control is not improved by add- 
ing other forms of control resistance. But performance with a control 
without resistance, which falls when the man lets £o of it, can be im- 
proved by adding a small amount of almost any form of resistance. The 
resistance helps to prevent accidental operation. It also helps to filter 
out unintentional tremor and jerks. 

When a control has friction, a constant force has to be exerted in 
order to move it. Once this threshold has been exceeded, a little extra 
force moves the control rapidly, since the only remaining restraints 
are those built into the man’s responding limb. Thus a control with a 
good deal of friction as the only form of resistance cannot easily be 
moved at a constant slow speed. The attempt tends to result in alter- 
nate rapid movements and stops, as the force exerted by the man rises 
above and falls below the threshold required to move the control. This 
does not produce very accurate tracking (Helson, 1949). (Lay a rubber 
pencil eraser on a flat horizontal surface, and press it firmly against the 
surface with one hand to produce friction, Then try sliding the eraser 
slowly by pushing it horizontally with the other hand.) 

Viscous friction feels like moving a spoon through thick syrup, Or 
like running through water deep enough to cover the thighs. Rate of 
movement is directly Proportional to the force exerted. Inertia is met 
in starting a heavy flywheel. The force exerted has little immediate 
effect, since it produces only an acceleration in the flywheel, which 
has to operate for an appreciable time before the flywheel begins to 
move reasonably fast. Both viscous friction and inertia oppose quick 
control movements, and are therefore disadvantageous in most track- 
ing tasks (Howland & Noble, 1953). The arm has enough viscous fric- 
tion and inertia of its own; it does not need any extra. 

In a tracking task like pointing a long 
tion and inertia necessarily result from t 
the telescope and its mount. Where th 
great, the man tracks more accurately if 
and inertia, as when he himself moves 


telescope, some viscous fric- 
he physical characteristics of 


10. Tracking 303 


ble to giving him a power-operated control system. For here he cannot 
feel the viscous friction and inertia which he has to deal with 


(Notterman & Page, 1962). 


VI. The Control-System Dynamics 


A. ORDER OF CONTROL 


The order of control system most suited to human capabilities is 
position or zero order, for there is an immediate and obvious relation- 
ship between control and display movements. In order to acquire a 
target it is only necessary to move the control the corresponding dis- 
tance in the correct direction. This is illustrated in Fig. 6. With a rate- 
control or first-order system two movements are necessary: one to put 
on the rate of movement, and another to take it off again when the tar- 
get has been reached. 

The right side of Fig. 6 shows that with an acceleration-control or 
second-order system three movements are required to acquire a tar- 
get: one to put on the acceleration which in time produces the rate of 
movement; one which gradually takes off the rate of movement again; 


ORDER OF CONTROL 


Position Rate Rate aided Acceleration 


Required 
control 
movement 
Display _ 
movement 
—— 


Time 


Fig. 6. Control movements required in acquisition tracking with different orders of 


control system. To move the display indicator upward with a position control system, a 
xx ў 1; with rate and rate-aided control systems two 


si / is required 

single upward movement is requi i , 

мч are required, upward followed by downward; with an acceleration control 
e required, upward, twice as far downward, and then up- 


system three movements are 
ward again. The lower part of th 
function of time. 


e figure shows the resulting display movements as a 
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and then a final movement to return the control to the central онен 
Movements after the first have to be correctly timed. It is ea nn 
start to remove the rate before the target is reached, or the disp ау i à 
dicator will overshoot. And the control has to be returned to the cen 


tral position as the display indicator comes to rest, or it will be left 
with a residual velocity. 


An aided control system combin 


es two or more orders of control. In 
the rate-aided system illustrated i 


n Fig. 6, a control movement moves 
the display indicator directly, and also gives ita rate of movement in 


the same direction. If a control System has to have components of 
higher order, it should also have a position component if at all possi- 
ble; thus it should be aided rather than pure rate. Whenever the man 
moves his control, he then sees an immediate movement of the con- 
trolled indicator in the display. This improves the control-display 
compatibility (see Section V, B). 
Unfortunately experiments in which position-control systems have 
been compared with rate-control and aided-control systems, have 
generally used factorial designs in which the same people have per- 
formed the various tasks 
criminate against the position-control System, and should therefore 
not be used in making the comparisons. Lincoln (1953) found that 


there was positive transfer when changing from a position-control sys- 
tem to either of the other two, and also when c 


and rate-control Systems. But there was negative transfer when chang- 
ing from either of thes i 


ton & Freeman, 1966). 


B. CONTROL TIME Lacs 


ave this information, 
ments in time so that they match the 
track movements after the transm 
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Fig.7. Amplitude of display movement as a function of time with various control time 
lags. Without a time lag the effect of the control movement (dotted line) has been as- 
sumed to be an instantaneous step, such as might be produced by closing a switch. With 
an exponential time lag the display indicator starts to move as soon as the man responds, 
but only gradually reaches its final position. With transmission and sigmoid time lags 
the display indicator does not move until some time after the man responds. When the 
display movement does take place after a transmission time lag, it corresponds to the 
control action. With a sigmoid time lag the display movement first accelerates and then 


decelerates. 


large. The two functions in the middle of the figure show that when 
the track frequency is doubled while the transmission lag remains 
constant and small, the mean size of the displacement error is almost 


doubled. 
The functions at the bottom of Fig. 8 are 90? out of phase, because 


the transmission lag of .25 second is one quarter the duration of the 
track cycle time of 1.0 second. When the response function starts ris- 
ing from the midline, it is correcting a displacement error produced by 
the track which is already being corrected by the track. And when the 
s to return from its highest point, itis producing 
hich adds to the error being produced by the 
ment error is larger than it 


response function start 


a displacement error w ) 
track. Thus the amplitude of the displace 


would have been if there had been no response. | | 
An exponential lag is the commonest kind of time lag in electronic 


equipment. Something happens almost as soon as the man moves his 
control. But the full effect of the control movement appears only grad- 
ually, following an exponential time function like that in Fig. 7. In 
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22° phase lag 
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o 
Е Track 
ё 

R 60 cycle per minute track 

lesponse 


90° phase log 


y LL poa 1 -1 

(o ] 2 3 4 
Time (seconds) 

Fig. 8. The phase lags and displ 

bya transmission time lag of .2 

the thick line, repeats every 4 seconds. In 2 

which it takes to move from the midline 


f ncies 
at various track freque zs 
ave track at the top, е ae 
5 second it has spent one quarter of the 


ite hi A se after the 
to its highest point, The response after i 

issi i Pe Yi ical lines 
transmission lag of , 5 second is Tepresented by the thin line. The vertical line 


tween the two functior Show the sizes of the displacement errors at various times. s 
track halfway down the figure moves twice as quickly. In -25 second it has spent ШШЕ 
time which it takes to move from the midline to its highest point. The displacement € | 
rors between it and the response after the .25 Second transmission lag are therefore 


larger. The track at the bottom reaches its highest point in :25 second. At this time the 
response with its transmission lag has not left the midline. 
reaches its highest point, the track is crossing the 
tion. This leads to displacement errors | 


sponse 
By the time the гара 
idli = гетве direc- 
midline traveling in the reverse di 
arger than those produced by the track alone. 


i i system 
order to acquire a target reasonably quickly using a control syste! ; 
with an exponential time lag, the man has to move his control а 
than he does when tracking without a lag. An exponential time LT. 
thus somewhat similar to a reduction in control gain (see Section VI, 
C). 
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Having produced a relatively quick movement of the display indica- 
tor by a large control movement, the man then has to avoid the over- 
shooting which will gradually occur as a result of the remainder of the 
exponential time function. This means moving the control back to the 
near side of its final position, in order to cancel the remainder of the 
initial exponential time function. Gradually the control has then to be 
moved out again to its final position. Thus there are three successive 
movements: far out, back a good way, and finally out a bit further. The 
two reversals in the direction of movement correspond to the two re- 
versals required in acquiring a target with an acceleration-control sys- 


tem (see Fig. 6). 
A sigmoid lag behaves rather like a combination of a transmission 


lag and an exponential lag. Figure 7 shows that nothing much happens 
when a control movement is first made, and then the effect appears 
and disappears gradually. With all three kinds of time lag the longer 
the lag is, the worse the man’s tracking becomes. Performance is im- 
proved by any condition which assists prediction (Conklin, 1957). For 
if the man can predict what the track and the output of his control sys- 
tem will be doing a little time ahead, he can make the appropriate re- 
sponse early, and thus help to compensate for the time lag. 

Referring back to the block diagrams of Fig. 1, contro] time lags are 
located between the box labeled control and the box labeled control 
system. They need to be distinguished from display time lags, which 
are located between the box labeled control system and the box la- 
beled display. Both kinds of lag are present when controlling from the 
earth a manipulator located in a spacecraft on the moon. There is the 
transmission control time lag while a message from the man is travel- 
ing to the spacecraft. There may be an additional control time lag, 
ntial, while the manipulator is responding to the mes- 
is the transmission display time lag before the man on 
the spacecraft which enables him to 


perhaps expone 
sage. And there 
earth receives the message ta 
see what the manipulator is doing. | 
К diii ч view of the man on earth, the control and ony ыз 
transmission time lags can be lumped together. When summed they 
represent the time between his response movements and the appear- 
ance of the changes in his display which they produce. They have 
been called delayed feedback by Smith (see Chapter 4). They greatly 

increase the difficulty of the man’s task. | | 
Exponential ог sigmoid control and display time lags cannot be 
lumped together in this way because they alter the signal; they do not 
merely delay it (see Fig. 7). An exponential control time lag alters the 
As long as the display time lags are 


dynamics of the control system. : 
only of the transmission type, the man will eventually see what the 
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control system has done. He can therefore m 
ments to make the control system do wh 
display time lag distorts what the man se 
the output of the control system are attenuated when they reach the 
display. The man is not aware of their tr 


ue amplitude, and so does not 
make adequate attempts to correct them (Garvey, Sweeny, & Birming- 
ham, 1958). 


odify his response move- 
at he wants. An exponential 
es. The higher frequencies in 


C. CONTROL GAIN AND CONTROL-SYSTEM OUTPUT 


Control gain has been studied mos 
tracking. Figure 9 illustrates how the 
affected the two components of acquisitio 
up to the left shows the average tim 
indicator within .1 inch of the tar 
Jenkins and Connor (1949) used a 
trol. On the extreme 
rotations of the 


t thoroughly in acquisition 
gain of a position control 
n time. The function sloping 
€ it took to bring the display 
get. In their classic experiment 

rotary knob as their position con- 
left the control gain was so low that a number of 
knob were required, and this took several seconds. 


Time (seconds) 


Travel 


Control Sensitivity or gain 


Fig. 9. The rel ttionship between control Sensitivity 
quisition time. Trav as the time take. 


- Adjustment tir 


or, 1949.) 
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The function sloping up to the right of the figure shows the average 
time ittook to make the final fine adjustment which aligned the display 
indicator with the target. On the extreme right the control gain was so 
high that only a very small control movement was required. This 
rather difficult task was accomplished by trial and error, and took sev- 
eral seconds on average. 

Adding together the two components of acquisition time produces 
the U-shaped function in the figure. Over the middle third at the bot- 
tom of the U the height of the function does not alter very much. There 
are a number of different control sensitivities which are all about 
equally good. 

This U-shaped model has to be modified when a joystick or lever 
position control is used. A control stick does not normally move as far 
as 90° on either side of its central position. It is almost as quick to 
move a stick through 90? as through a smaller distance. The function 
in Fig. 9 for travel time is thus practically horizontal. There is nothing 
to correspond to the numerous full rotations of the control knob which 
were required in Jenkins and Connor's experiment. Hence with a 
stick position control the relationship between acquisition time and 
control gain is J-shaped like the function for adjustment time on the 
right of Fig. 9 (Jenkins & Olson, 1952). The optimal gain is obtained 
by equating maximum stick movement with the maximum required 
movement of the display marker. 

When a control stick is used with a rate- or acceleration-control sys- 
tem, either model may be found to apply, depending upon the experi- 
mental procedure. If the gain of the control is changed by changing 
the output of the control system, a U-shaped function is found. This is 
because the output of the control system can be reduced to such an 
extent that it takes several seconds to approach the target even with 
full stick deflection. At the other extreme, with a very large control- 
alignment with the target takes several sec- 
a small control movement may produce 
acquired most rapidly with a 
‚ and the relationship be- 


system output the final 
onds on average because even 
gross overshooting. Thus the target is 
em output of intermediate size 


control-syst е 16 i | 
tween control gain (or system output) and acquisition time 1s U- 
shaped. ; > 

ctical control systems the maximum output is 


However, in most pra! ns t ] 
fixed by the design. An automobile has a limited power of accelera- 


tion. The only method of increasing the gain of the accelerator pedal is 
to let full power be obtained with the pedal partly depressed, instead 
of fully depressed. This only very slightly reduces the time taken by 
the foot to move the pedal from its zero position to the position of full 


power. Its main effect is to reduce the foot’s ability to select just the 
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ired amount of power. If the gain of the control is changed in a 
Bea lationship between acquisition time and control gain ds 
ila E, omina function for adjustment time in Fig. 9. The optima 
ae hied by equating full power with the full range of move- 
E ofthe control (Hammerton, 1962) 

These models apply only to acc 
ous disturbance has to be tracke 
than adjustment time. The m 
target; he does not often get 


yo Б z " x . 1- 
]uisition tracking. Where a ишы 
е х à "n 

d, travel time is far more le t 
í sing : e 

an is mostly engaged in chasing after th 


d ius ents. 
near enough to do any fine adjustmen " 

е В Ў | 1ni- 
As the frequencies in the track are increased, the importance of m 


mizing travel time also increases. Figure 8 shows that a н 
delay causes much larger displacement errors when tracking high a 
quencies. Differences in travel time which are negligible when d 
quiring a stationary target become all important. Thus ку, : 
tracking calls for a higher control gain than acquisition tracking. T ^ 
higher the frequencies in the track, the higher the control gain needs 


to be. With tracks of high frequency a pressure stick is the control of 
choice. This is à Stick which has an almost infinite gain, since it barely 
moves when pressed, Its output is Proportional to the pressure i 
erted on it, and can be changed without spending time altering the 
position of the control (see Section У, С) 


VII. Human Limitations 
A. LIMITED HUMAN DECISION RATE 


A man may be able to tap for a 


and 9 taps ber second. But each t 
tap. If the man is 


Short period at a rate of between 7 
ap is not preceded by a decision to 
is tapping on is 
more taps before he can stop. His t 
an initial decision to tap rapidly, and fron 
to go on tapping, These Subsequent dec 


ч r 3 
haps once or twice per second, almost certainly not faster than about 


times per second. For where e nse is preceded by a decision, 
itis not possible to achieve rates above ; 


about 3 responses per second. 
To ensure that each response i à decision, it is necessary 
to change the required respo ortion of occasions. Thus 
ofa sequence of 100 con- 


ake one or two 
is preprogrammed. He made 
n then on he makes decisions 
isions occur at a rate of per 


$ of practice on this ite il 
eraged only about 2.5 responses per second, 
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the individual rates ranging from 2.3 to 2.8 per second. Their learning 
curves gave little expectation of much further increase in the rate of 
responding with additional practice (Leonard & Newman, 1965). 

An average response rate of about twice per second is often clearly 
visible in the oscillographic records of people when they first start to 
use a position control with a slow-moving track. No doubt the mean 
rate of these discrete responses correcting the visible error could be 
increased until it approached the maximum tapping rate. But instead 
the man begins to respond to the rate of the track. He adopts a program 
which seems to him to match the track, and simply corrects for the er- 
ror between the program and the track (see Section III, D). 

With further practice the discrete corrections often blend with the 
program and become obscured. Instead of correcting a misalignment 
by a quick displacement of the control, the man simply changes the 
rate at which he moves the control, so that the error is nulled gradually 
as the program carries on. If the track is a single sine wave which can 
be learnt, the man may insert acceleration and deceleration terms in 
his program. And in so faras the program is successful in matching the 
y not correct it for a second or two until a fairly large error 
see Section III, E). During this time the man can be as- 
making decisions now and again not to interfere with the 


track, he ma 
is apparent ( 
sumed to be 
program. 


B. HUMAN REACTION TIME 


A man takes about .2 second to react to a visual stimulus, a little 
longer if he has just responded to a previous stimulus (see Section III, 
B). If he always copied the track movements as he saw them, his res- 
ponses would lag in time well behind. Time lags become more seri- 
ous as the speed of the track increases, since a greater distance is cov- 
ered during the lag time. Time lags also become more serious as the 
track frequencies increase. The bottom of Fig. 8 shows what happens 
if a man tracks a sine wave of 60 cycles per minute with a time lag of 
25 second. Half the time his response function actually increases the 
size of the displacement error caused by the track (see Section VI, B). 
Clearly some strategy is called for to reduce the man's reaction-time 


lag. 
In contour tracking the man can normally see the track some way 
-time lag he has simply to 


ahead. In order to eliminate his reaction | 
сору the track he sees ata distance ahead corresponding to his reac- 


tion time, instead of reacting to the track as it reaches his stylus or dis- 
play marker. By the time he ha d, his output will then syn- 


is responde 
chronize with the track movements. 
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ro the 
In pursuit and compensatory tracking the man has no preview of 
track ahead. All he can do is to predic 


ahead, and respond prediction. With single € 
can predict reasonably W 7 
5 his responses can be accurate in both timing dic- 
iple sine waves of high frequency accurate predi : 
ade .2 seconds ahead. The most the practiced mat 


Я , and 

5 à reaction time too late, “ate 

rect Ses of sizes based upon his rather a ud 
curate predictions, Не, Вее of error in the sizes of his А 

BD. he 

] ce his time lag (Poulton, 1962). M j 

cies in the track, the more damaging his time lag 


© more likely he is to attempt to time his responses 


C. SPARE HUMAN CHANNEL CAPACITY 
EFFECT 


ical display consists simply of 
or both of Which move Over and back. Right at the 
resting and challenging. Hu 
ms he soon discovers what he 
n to give what he considers to 
small error comes to be tolerated, and 
ting or Correcting large errors (Helson, 
becomes analogous to a Vigilance task, and et 
2 Capaci a i e case о 
the pursuit rotor, al реалда боп. oe ама d is 
conditioned inhibition (Kimble, 1949), 

At this stage the level 

ing the man with a ch; ; 
the error сап be magnified. This 
performance, and 
Another method is to draw 


Control syste 
can and cannot ach; 

bean adequate performance. 
effort is directed only at Preven 
1949, p. 495). The task 
to occupy the man’s 


an be improved by present- 
а compensatory display the size of 
Appears to the man to indicate poorer 
accurately as a result (Helson, 1949). 
the man’s attention to this performance by 


н omatically with an auditory signal whenever his 
error is below a critica] value (Reyn 


told his integrated error score ; 
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Unfortunately, a change in experimental conditions that makes the 
task harder may also present a challenge to the man. This means that 
the poorer performance which is to be expected as a result of the in- 
creased difficulty of the task may be partly offset by the challenge ef- 
fect. Tracking in one dimension is thus not as sensitive to changes in 
experimental conditions as are tasks which occupy the man's channel 
capacity more fully; an example is a task which combines tracking 
with some other function such as monitoring (Poulton, 1965). 


D. HUMAN TIME SHARING 


Flying an airplane by manual control can be regarded as a multiple 
tracking task combined with various additional monitoring functions. 
The pilot usually checks one instrument at a time, and responds to 
each in turn. While he is attending to one of them, the remaining in- 
struments have to go unattended. They may be registering quite large 
errors before he gets around to correcting them. 

In the laboratory blacking outa single display for periods as short as 
:25 second every 1.25 second has been found to reduce the accuracy of 
tracking. Here the man did not have to attend to another display dur- 
ing the blackouts (Poulton & Gregory, 1952). Increasing the number 
of independent tracking tasks which have to be carried out simulta- 
neously from 1 to 4 lowers the standard of performance on them all 
(Bilodeau, 1957; Hoffeld, Seidenstein, & Brogden, 1961). If success 
1$ scored in terms of the time the man is on target on all the tasks 
combined, adding an extra task also provides an extra dimension in 
Which he may be off target. 

| here two simultaneous tracking tasks are presented on separate 
displays, performance is more accurate when the displays are close 
together, because it reduces the sizes of head and eye movements. If 
the tasks are both in one dimension, the two displays can be inte- 
grated by using the x- and y-coordinates of a single cathode ray oscillo- 
scope. Tracking then becomes rather more accurate still, because the 
two displays can be seen simultaneously. If the dynamics of the con- 
trol systems are the same in the two dimensions and do not interact, an 
additional advantage may be gained by halving the number of display 
markers, and making them move in both dimensions (Chernikoff & 
LeMay, 1963). The man does still better if the two controls are 
changed to the more compatible arrangement of a single joystick (see 
Section V, B). He then no longer has to look at two displays in turn, 
and each time make the appropriate response. He has only to note the 


oblique error on a single display, and make a single oblique control 
movement to correct it. 
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However, tracking in two 
accurately as tracking in on 
dimensions the man h 
Whereas when tracking 


H . . . : "US x i 7. 
in one dimension, as with the displays of Fig 
l, he need choose only 


ing upward or downward. 

the display marker only їп 
one dimension for a joystic nove it in two dimensions 
in one dimension less accurate (Garvey 
xtra dimension is present, errors are al- 
m time to time. And when they do, cor- 


an with a more complex task than correct- 
le dimension, 


VIII. Summary 


Five rather diffe 
suit and compensator 
and selfpaced 
from selective 


ng have been studied: pur- 
J, acquisition or step tracking, 
cking (Fig. 2). Tracking differs 
a ati ands precise movements 
which have to be timed correctly, 

In acquisition tracking the man typically makes ballistic movements 
which are prepared in advance and triggered off as a unit. When the 
time interval between 5 is less than about .2 second, the re- 
sponse to the second $ ill be delayed. i 
fractory during the reaction time to the first 
learn the statistical Properties of 


stimulus. The man can 
RRE a series of steps, His responses to the 
individual steps are then influenced by th 


characteristics of the series, e range and sequential 

Ramps of constant velocity and 
learned. Instead of making b 
second, the man tends to co 
necessary to make it a better me 


The brain becomes re- 


sin 


gle sine wave tr: 
allistic 


movements 
ck. He correc) 


acks are soon 
about twice per 
ts his copy when 
tistical properties 
Se tracks can also be learned. 

- 1A) are easier 
ays (Fig. 1B) bec. 
on the ou 


Pursuit or true motion displays (Fig tà tse thancom- 
ause they present 
1 à à tput of the control system. 
Quickened and predictor displays (Fig. 5) are developments respec- 
tively of the compensatory and pursuit display concepts. They can 
help the man when the dynamics of his contro] System are complex. 
Nonlinear display magnification 15 not compatible with the common 
assumption that displays are linear. The Sensory dimension of visual 
direction and length (Fig. 1) gives better performance than any other 
sensory dimension. 
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A control operated by the muscles used in writing gives the greatest 
precision. The movements of the control should be compatible with 
the display movements they produce. Joysticks and levers should be 
spring centered, with as little friction, viscous friction, and inertia as 
possible. However, if the control system has to have viscous friction 
or inertia, the man tracks better when he can feel it. 

A position or zero order control system is the most compatible with 
display movements. It is also the easiest to use in acquiring a target 
(Fig. 6). An acceleration or second order control system should have a 
component of lower order if possible, preferably position. 

Control time lags (Fig. 7) degrade performance. A transmission time 
lag simply delays the signal. The higher the frequencies in the track, 
the more damaging the delay becomes (Fig. 8). An exponential time 
lag alters the time characteristics of the signal, and attenuates the high 
frequencies. In acquisition tracking a control system with an exponen- 
tial time lag behaves somewhat like an acceleration control system. In 
tracking sine waves it behaves somewhat like a control system with a 
reduced gain. A sigmoid time lag is rather like a combination of a 
transmission and an exponential time lag. 

Figure 9 shows how the 2 components of acquisition time vary with 
the gain of the control. Both components are important if a rotary posi- 
tion control is used which allows a number of rotations. Both com- 
Ponents are also important if the gain of a rate or acceleration control 
is altered by changing the output of the system. Adjustment time is the 
important component if a joystick position control is used, or if the 
gain of a rate or acceleration control is altered without changing the 
System output. In continuous tracking, travel time is the important 
component. When the track contains high frequencies, a pressure 
Stick is the best control because it minimizes travel time. 

A man cannot make decisions about his responses more rapidly than 
about 3 times per second. A decision may change the position, rate, or 
acceleration of the control. With practice the man copies the track, 
and his corrections are hard to pick out. 

With high frequency tracks the man's reaction time lag produces a 
large error (Fig. 8). In contour tracking with a preview of the track 
ahead (Fig. 2), the man can compensate for his reaction time ] 
copying the track an equivalent time ahead. In tracking withou 
view the man has to copy his prediction of the future track. He 
increasing the error in the amplitude of his response 
duce the error in their timing. 

After tracking for a while the man tends to tolerate ] 
than he need. His performance can then be improve 
him with a challenge. When he has 2 tracking t 


ag by 
t pre- 
risks 
5 In order to re- 


i arger errors 
mm d by Presenting 
asks to perform simul 
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taneously, he responds to each in turn. 
standard of his performance on 
2 tasks are compatible 
sional task. 


rs the 
This normally a T 
etter i 
both. He does somewhat чете) soa 
К н 5 -dir 
‚ and can be combined as a single two-c 
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ч іке 
to accomplish much of scientific value until the advent 9i Hest pnr 
(1898). He applied the experimental method to animal tria x Hons of 
learning via the puzzle box, Thorndike’s influential formu a iem 
the empirical law of effect and the theory of аа 
and connecting) contributed Significantly toward spall » cb- 
association psychology into a genuine laboratory science. me 
served that his hungry cats’ behavior on the initial trials was chare epa 
ized by errorful groping and extended latencies until they (oo dei 
trip the release mechanism that Provided access to the lure. With АШУ 
cessive reinforcements the subjects’ errors and latencies атайн у 
diminished. Eventually they came to restrict their movements to 


iti t or adap- 
critical area of the apparatus and thereby selected the correct or айг 
tive Tesponses more efficiently, 


Thorndike saw no 
to explain his с; 
rate instrume 
design simpler problem 
sudden (“insightful”) 


А : ; rocesses 
assuming any ideational praes s 
€ (1952) with more e e to 
rn of mind set abou 


Y . м исе 
s which would permit animals to prod 


i ent 
solutions (Hilgard & Bower, 1966). — € 
investigators explored a Variety of String-pulling. bar-pressing, ke) 
pecking, stick-pushing, and latch 


“Opening 


the gamut from food to Shock-avoid 


tasks, with rewards ae 
ance to poker chips. Although t = 
issue (a subdivision of the continuity 
noncontinuity issue) has st; | 
tion, the work of H Sarning-set formation in primates 
has convincingly demonstrated that ej radual or sudden acquisi- 
tion curves can be anipulation of transfer-of- 
training variables. 


B. YERKES’ MULTIPLE-Cyy 


OICE METHOD 
Thorndikean 


as designed only to reflect gross R, (time) 
measures. No as made to record R; (frequency) scores or to 
isolate the varied behavi bjects in puzzle boxes. It re- 
mained for Yerkes (1914) а more analytic technique by 
elaborating the animal quadruple choice method of Hamilton (1911) 
into a generalized, multiple-choice method for man. Originally devel- 
oped for studying differen reotyped reactions to insoluble 
problems, the Hamilton technique was modified by Yerkes to provide 
five new emphases: (1)R, 


scores in addition to R, scores, (2) acquisition 
of correct responses rather than extinction of erroneous responses, (3) 


variations in complexity, (4) soluble Problems instead of insoluble 
problems, (5) wider interspe 


cies applicability. For human i 
Yerkes’ (1921) apparatus contained 19 retractable keys, two or more o 


apparatus w 
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which would be presented on a given trial (key setting). The subject's 
task was to avoid the incorrect keys (R—) and press the correct key (R+). 
Reinforcing feedback was provided by a buzzer following each R+, 
and practice was continued until either mastery or some arbitrary pro- 
ficiency criterion was reached. Yerkes favored relational problems 
(e.g., middle key of five) whose elements were changed from trial to 
trial. He believed that their solutions entailed ideational or reasoning 
abilities based upon the “perception of a certain constant relation 
among a series of objects” (Yerkes, 1916, p. 10). 

A psychologist who called himself a behaviorist (Yerkes, 1914) yet 
espoused many Gestalt principles, Yerkes is perhaps best considered 
a functionalist. He was clearly less interested in the multiple-choice 
method as a reference task for discovering the laws of selective leam- 
ing than in its utility for testing animal intelligence and developing 
human norms. Thus, he avoided studies of serial learning, retention, 
and transfer of training. Had he not been so reluctant to employ the 
Yerkes Box as a learning device, he might have found that it is a reli- 
able piece of apparatus when used in a deliberately unconventional 
manner. This was achieved in our laboratory (Noble, 1957a) by defin- 
ing settings as choice points instead of trials. We gave his most diffi- 
cult problem (Yerkes, 1921, No. 10) to 100 college subjects using a 
commercial Yerkes Box. The solution was to alternate left and right of 
any middle key. Presenting just four trials of 10 choices each, an odd- 
even-trials reliability coefficient (corrected) of .85 was obtained for R; 
Scores, 

Unfortunately, as compared with the fruitfulness of classical-con- 
ditioning, maze-learning, operant-response, and discrimination- 
learning techniques, little data of any systematic importance had 
emerged from this method by the 1930's when learning theories came 
into vogue. The Yerkes Box was generally bypassed in favor of 
Kóhler's tool-using situations, Hunter's spatial and temporal mazes, 
Maier's reasoning tasks, the Lashley jumping stand, Tolman's T maz- 
es, the Skinner Box, Spence's discrimination problems, the Mowrer- 
Miller Box, and Harlow's Wisconsin General Test Apparatus. To the 
end of his life, however, Yerkes remained optimistic about the un- 
tapped resources of the multiple-choice method; he encouraged 
Younger psychologists to exploit its potentialities (personal communi- 
cation, 1954). My own emphasis upon measuring relative frequency of 
Mat somite ae un pe рор pr mi n 95 the Selective 
the Thorndike-y tá D wd I: s led ‘with s r development of 
mental and sisti ех es tradition, couple ith contemporary expe 

Statistical methodology. 
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ability coefficients ran 
lation method, sampl 
1947; Noble, 1966a) 


e corre- 
ge from .710 to .917 depending upon the vc 
е size, and stimulus patterns chosen (Melton, 


asurec 
ht. Proficiency is typically measure 
by cumulating a subject’ 


ts vary from .870 to :930 (Melton, 1947). 
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à n 
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& delivered by earphones: 
ailable, reinforcing feedback 
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computing К, scores per trial, but R- scores are also used. Reliability 
coefficients have not been reported (Morin & Grant, 1955). 

The Selective Mathometer, designed by Clyde E. Noble in 1952, is 
the fifth legacy of the USAF psychology program to the field of selec- 
tive learning (Noble & Farese, 1955), and it is now fully automatic 
(Noble, Fuchs, & Thompson, 1963). Figure 1 shows the present layout 
in the Georgia laboratory. The subject’s task is to discover which one 
of 19 microswitch keys (numbered left to right) is to be pressed in re- 
sponse to each of a series of distinctive slides (e.g., circuit symbols, 
dot patterns) presented on the screen. The keys are arranged in a 
semicircle on the reaction panel. Correction, modified-correction, and 
noncorrection methods are available, and there is separate control of 
stimulus duration, interstimulus interval, intertrial interval, and stim- 
ulus sequence. The reinforcing stimulus (S,) is the onset of a green 
light centered above the keyboard. Either serial or terminal S, is de- 
livered automatically, together with independent variation of delay, 
duration, and periodicity. All events are recorded by counters and by a 
continuous, print-out recorder. Proficiency is typically measured by 
computing a subject’s R, scores over a trial of 10 different 2-second 
stimulus presentations, although R, scores have been used also. The 
interstimulus and intertrial intervals are usually 2 seconds and 8 sec- 
onds, respectively. Reliability coefficients range from .938 to .989, 
varying with type of score, training method, and task complexity 


(Noble, 1957a; Noble et al., 1958c; Noble, 1966a).? 


D. DESCRIPTIVE ANALYSIS OF SELECTIVE LEARNING 


By a selective-learning task I refer to any multiple-choice situation 
in which an organism acquires the threefold ability to (1) make a joint 
selection from the relevant stimuli present and from its own repertoire 
of available discrete responses, (2) form the necessary associative 
connections between the stimuli and responses required by the task 
and (3) link these S-R pairs together in a coordinated behavior Su. 
quence. The emphasis is upon cuing, pairing, and chaining rather 
than upon the development of fine perceptual discrimin 
cision motor skills. Selective-learning tasks, in short, 
stimulus learning as well as response learning. R 


ations or pre- 
deemphasize 
arely does selective 


‘Apparatus used in symmetrical-choice experiments on verbal-expect; s 
bility-discrimination problems have been excluded. For reasons = чыз or proba- 
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events together with their aftereffects which are relevant to the orga- 
nism’s motivational State. In Fig. 2 isa diagram of a simple selective- 
learning problem in which all of the dominant responses (R,, Re, Rs) 


are irrelevant or incorrect (R-). The percentage values above the ar- 
rows denote hypothetical reac . 


tion tendencies of di lative ini- 
tial strengths. Arbitrarily I ha ifferent rela 
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human subjects pressing buttons for green lights (cf. Fig. 1) the rein- 
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5, 80 % — M i No chonge 
S, 60 % Ry No change 
m о о 
о . е 
о . е 
[a 10 % ——--—--- — Ry ха Goal object (G) 


Fig. 2. А simple (nonserial) selective-learning situation. (After Noble, 1966a.) 


forcers are secondary; or, if you prefer, the feedback signals are in- 
formative. At any rate, learning is complete when errors (R—) are elimi- 
nated and correct responses (R+) occur promptly on every trial. For 
convenience we shall continue to refer to the class of goal events 
(mostly green lights) by the symbol S,. 

After description, explanation. In the next section we undertake a 
theoretical analysis of multiple-choice phenomena. 


II. Theory of Selective Learning 


A. ROLE OF THEORY 


It is sometimes necessary to remind ourselves that a psychologica] 
theory is not intended to describe the structure of any particul а 


геп ‹ Р ar livi 

being. Rather, it is designed to provide a model—a schematic, E 

thetical organism — whose functions are analogous to those of oa 
al or- 


anisms. A theory’s chief aim is thus to explain an i 
Торе: of phenomena with a small number of жый эчү. а large 
ly, then, theoretical models are not supposed to be mete il bvious- 
empirical facts. They are broad conceptual parsidigms d *ections of 
scientists to arrange facts into meaningful patterns TI M hich permit 
teria of a valid theory are two in number: it > 22е principa] cri- 
: 1t must provide the basis of 
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interpreting or understanding inductively known facts, and it should 
aid deductively in the discovery of new facts. Whether 
tistical, topological, mechanical, chemical, or neural is beside the 


point. What matters is that it have the capability of explanation and 
prediction (Noble, 1966a, b). 


Selective learning presents formidable theoretical obstacles be- 
cause of the multiplicity of events occurring, the inadequacy of exper- 
imental control over the relevant variables, and some unfortunate 
mathematical quirks (Noble, 1966a). When R+, R-, and К, scores аге 
recorded concurrently in analytic multiple-choice tasks like the Selec 
tive Mathometer (cf. Fig. 1), it is clear that several different processes 
are going on at about the same time: (1) strengthening of R+ through 
reinforcement, (2) weakening of R— through nonreinforcement, (3) 
occasional recovery of an extinguished R— with time, (4) generaliza- 
tion of approach from R+ to R=, and (5) generalization of avoidance 


from R- to R+. The isolation and explanation of these processes re- 
quire clever experimental desi 


: bd gn combined with ingenious quantita- 
уе theorizing. A number of different theories and models for selec 
tive learning have been employed, notable among which have been 
the ботай of Hull (1943, 1952) and Spence (1956, 1960). Re- 
views of these and other approaches may be f, in Hi l and 
a a E a ard ar 
Bower (1966) and in N y be found in Hilga 


hoose a descripti oble (1966a, b). Our own strategy has been to 
choose a descriptive equation whose form and parameters can be ra- 


tionalized and thereby coordinated with the general theory of Hull 
and Spence. To be satisfactory the formula selected should conform to 
most of the following desiderata: it should (1) bear ale se similarity to 
the numerical approximations developed by ther for R duis (2) pro- 
vide an excellent statistical fit to empirical R, data from conditioning 
and selective-learning experiments, (3) exist in closed form, (4) have 
fewer total parameters than the Hull-Spence equations (5) be capable 
of at least some parameter-free (preexperimental) predictions consis- 
tent with the theory, and (6) be amenable to rapid curve-fitting tech- 
niques. 

An equation satisfying all six criteria is the complex growth curve 
originated by Gompertz (1825) and elaborat 


ed by Courtis (1932), 
which I have adopted (Noble, 1954, 1957a b. 1966a) with the follow. 
ing psychological rationale: 


a theory is sta- 


T 
R, = a(i)r (1) 
where R, = probability of correct choice based on the pooled respon- 
ses of a group of subjects, varying from 0 


\ О to 1.00; а = asymptote or 
limit of R,, theoretically dependent on feedback (S,) factors and possi- 
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bly age (O,), sex (O,), and capacity (О,); i = initial probability of R+ at 
outset of learning, given empirically by the reciprocal of the number 
of available independent and mutually exclusive responses, and theo- 
retically related to complexity (S.) and transfer (Sj) factors; г = rate 
parameter calculated by curve-fitting methods, theoretically governed 
by feedback factors (S,), complexity (S,), transfer (Sj), work distribu- 
tion (S,,), aptitude (O,), and possibly age (Oy), sex (O,), and motivation 
(O4); N = number of practice trials providing differential reinforce- 
ment by correction, noncorrection, or modified-correction procedures, 

Equation (1) specifies the dependent variable (Ry) asi а double- 
exponential function of the major independent variable (N); its three 
parameters govern the asymptote (a), origin (i), and rate of change (r). 
With respect to a, if a given problem is soluble then R, will approach 
1.00 as a function of successive reinforced trials. With respect to i, 
when no practice has been given, N = 0. Therefore, since r* = 1" = 1.00, 
the R, value at Trial 0 = a(i) = i, which is the probability of an R+ oc- 
curring before the first choice point of Trial 1. For simplicity, I have 
disregarded the effects of transfer and position preferences. The for- 
mer are expected to affect r, while the influence of the latter on i is 
minimized by statistical counterbalancing of the possible response 
permutations (Noble, 1955, 1957a). By systematic variation of four 
stimulus variables (Se, Sp, Sn Sw) and five organismic parameters (O,., 
Ou, On, О,, О,), holding constant the values ofaandi,it yan mas- 
sible to rationalize r by thus anchoring it to selected S anc actors 
(Noble, 1966b). T | а 

In general, the curve of Eq. (1) exhibits а positive saps, » Herd 
metrical and sigmoidal, and has an inflection point = a г) e 
problems) at the ordinate 1/e = 1/(2.718) = .368. So if i <. ; Tie е ? 
апа гуагу between 0 апа 1, it can be shown that the des inflects s 
an abscissa value of N > 0 (Noble, 1966a). Courtis (1932, P: 89) 
pointed out that a log-log transformation of the dependent variable is 
rectilinear over time (N in our case), implying that the percentage of 
"growth" (R, in our case) increases to equal powers of itself in equal 
time periods (“isochrons’’), He also worked out a molar theory which 
is remarkably similar to Hull’s, even to the extent of Incorporating 
postulates for variance and threshold. 

There is a convenient estimation formula for obtaining r (Noble, 
1957c, 1966a), but we shall merely sketch it here. Consider а typical 
experiment in which Subjects are practicing on the Selective Mathom- 
eter with three or more keys available. Normally they are either 
trained to a mastery criterion (five successive perfect trials), ог a con- 
stant-trials design is used in which there are rational grounds for 


as- 
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suming a — 1.00. A free-hand curve is first dr. : f 
data points from i up to about R, = .50, Next, from the intersection : 
the fitted segment with an extended ordinate line at R, = .368, a pe 


to the abscissa. This trial value is substituted in 
the estimation formula which is then s 


of Eq. (1) 
(expected) Tesponse probabilities 


СА H y 
awn among the resulting 


observed) probabilities (R,) for goodness of fit. 
The above procedure i 


d values of r, each time 
nce of the residuals or vertic. iati 


= Y (R, — R,)?/n. (2) 


ined by minimizing 35... This method 

arithms, is more labori- 

th ly to the transformed data. In selective 

mathometry we are fund ‘ in predicting R, values 
garithms of the Тора of R, values. 


à s 
F), expressed in percentage terms, 


м nimum o%., value and the observed 
» Scores (о) by the formula: 


F=100 ( 1 ~ 9i. ) ; 
With Eq. (3), 


an 

in linear regressi > ме may specify the pere 
dependent variable (R,) accounted for by Eq. (1) 
precision with which R, can be predicted from 
constant. 

In the case of experiments involving less than three choices or, 
more generally, when į = le, the curve is negatively accelerated 
throughout. The fact that data fr ice situations (e.g., most 
an inflection point can, 
nother exception occurs 


; i.e., F measures the 
N when a, i, and r are 


tin transfer-of-training designs, or where R, might be expected to 
begin at zero, as in conditioning studies. Sine 


* € i must have a nonzero 
value in order to generate a Series of R, Scores, the stimulus events 
producing the first observed R, measurement are simply redefined as 
Trial 0, whereupon former Trial 2 Бе 


г Comes Trial 1, etc, Shortly the 
author will have occasion to use this artifice (Fig. 3). 
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B. ADEQUACY OF THE MODEL 


The pragmatic worth of Eq. (1) may be evaluated with respect to its 
similarity either to theory or to data, or its joint similarity to both. The 
latter approach devotes equal attention to the two domains, and is the 
one employed here. A set of theoretical R, scores for a simple condi- 
tioning task was derived by Lewis (1960, pp. 511-516) from the Hull- 
Spence theory. Lewis calculated 32 values of Rp, but the present anal- 
ysis will deal only with his Trials 7 to 32, which are redesignated 
Trials 0 to 25 inclusive. Letting a = 1.00 and i = .017, the best-fitting r 
parameter computed for Eq. (1) by the residual minimization method 
described above is .756. As shown in the upper left quadrant of Fig. З 
the agreement is very close; by Eq. (3) the index F = 99.93 %. The er- 
ror variance is less than 0.1 %. 

For the next test we shall consider some animal-learning data. A set 
of empirical R, scores from 30 dogs trained to make a conditioned 
avoidance response (foreleg flexion) to a bell was reported by Brogden 
(1949). He administered daily 20-trial blocks of bell plus shock until a 
criterion of 100 % conditioning was achieved. By redefining his first 13 
trial blocks as Blocks 0 to 12 inclusive, letting a = 1.00 and i= .058, we 
find that the best-fitting r parameter for Eq. (1) is .697. As can be seen 
in the upper right quadrant of Fig. 3 the fit is excellent; by Eq. (3) 
F = 99.98 %. Instead of using Vincentized scores (Hilgard, 1951) as 
Brogden (and also Lewis, 1960, pp. 84-88) did, we calculated the data 
points in Fig. 3 from the original R, scores tabulated in Brogden’s 
article (1949, p. 297). 

Turning now to the lower left quadrant of Fig. 3, we find two sets of 
theoretical R, scores derived for a two-choice selective-learning task 
by Hull (1952, pp. 21-33) which will also be fitted by Eq. (1). In Case I 
the competing reaction tendencies are initially both equal and weak, 
hence the R, value on Trial 1, redesignated as Trial 0, is i = .50, The 
curve is negatively accelerated, with a= 1.00, r= -660, and F— 99,70 %, 
In Case IV, which is the classic trial-and-error situation, the two 
competing reaction tendencies are initially unequal with the erro- 
neous tendency considerably stronger. Hull’s derived R, value бї 
Trial 1, redefined to be Trial 0, is taken as i = .017. This Curve is 
clearly sigmoidal, with a = 1.00, г = .707, and F = 99.60 %, Although 
no in appearance, both curves are in good agreement with Eq. 
Finally, the lower right quadrant of Fig. 3 presents a set of empirical 
R, scores pup ees of 48 subjects each who practiced four-unit 
problems on the Selective Mathometer (Noble, 1955), There were 
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different numbers of responses (Nz) available to the two groups, “ 
noted by №, = 4 and №, = 10 for the upper and lower curve, € 
tively. Letting a = 1.00 and į = :25, the r parameter for the Nr=4 “i 00 
is .786 whereupon F = 98.80%. For theN, = 10 curve, where a= 1. 
andi=.10, ће r parameter is .903 with F = 99.60%. 
To summarize, the evidence fj 


р T ree 
rom three theoretical curves and th E 
A ч : Е Е ask coii 
empirical curves, varying widely in parametric values and task c 


" val 
plexity, is that Eq. (1) provides a close approximation to hypothetic 
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procedure. She reported 88.74 % correct predictions via postremity. In 
Experiment II a two-choice 30-unit punchboard stylus maze and the 
noncorrection method were employed, resulting in 82.30% correct 
postremity predictions. This procedure was repeated in Experiment 
III with a threaded stylus, the postremity outcome being 83.05 «t. 
Since all three experiments involved two-choice tasks, the mean pre- 
diction index for 57 subjects of 84.69 % is 34.69% better than chance. 
Voeks presented no separate analysis of frequency predictions, but 
she said that about 71 % of her predictions were correct by postremity 
even when opposed by frequency, although this conflict reduced pos- 
tremity's accuracy. Curiously, there was no analysis of the reinforce- 
ment factor. With respect to R+ vs R— scores she asserted: "by the 
present hypothesis, postremity is neutral, having no differential ef- 
fect on the correct and incorrect responses" (Voeks, 1948, p. 497). 

A third investigation of this problem (Waters & Reitz, 1950) used a 
two-choice 15-unit Finger Maze on which 20 subjects were each 
given 15 trials by the noncorrection procedure. Half of the group re- 
ceived a changing stimulus situation from Trials 11 through 15 to see 
whether postremity predictions would be adversely affected. Waters 
and Reitz reported an average postremity score of 70% correct pre- 
dictions based on 4200 responses. This figure, 20% over chance, is 
doubtless smaller than Voeks' margin because the subjects were not 
carried to mastery. A more interesting aspect of the Waters-Reitz ex- 
periment, however, is their trial-by-trial analysis. Since the constant 
and variable groups were not significantly different on the last five 
trials (an embarrassing result for the Guthrie-Voeks viewpoint), they 
may be combined. Doing this we found that the percentage of correct 
predictions increased with stage of practice, rising from 53 9t on Trial 
2 to 80 % on Trial 15. Extrapolating to the Peterson-Voeks criterion of 
three perfect trials in a row, it is obvious that postremity would even- 
tually predict with 100 % accuracy if practice were carried far enough. 
Like Voeks, and Peterson earlier, Waters and Reitz made no analysis 
of reinforcement predictions. Clearly, more extensive comparative 
data of a detailed nature are needed. 

In an effort to contribute information toward this objective, the au- 
thor reported two theoretical studies on the Selective Mathometer 
(Noble, 1966a) that evaluate the relative efficacy of the postremity 
frequency, and reinforcement principles under correction à 
tion, and modified-correction procedures. The first study used data 
collected from 100 subjects performing on standard 10-choice 10-unit 
Mathometer problems for 20 trials (Noble, Alcock, & Noble 1958b) 
Half the subjects practiced by the modified- ў Я 
(permitting alternative corrective responses, but o 
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'orrection 
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correction method as defined earlier. In other words, the correction 
group was subject-paced whereas the noncorrection group was experi- 
menter-paced. From the graphic records of 38,400 choice points, indi- 
vidual responses were analyzed under the two S, conditions, as de- 
scribed above. 

Returning now to Fig. 4 and looking first at the correction method 
(lower left graph), we see that there is little difference in the predic- 
tive efficacy of the three hypotheses. Reinforcement still leads fre- 
quency (albeit by a tiny margin), and both are superior to postremity 
until the last quarter of practice when they merge above the 80 % ordi- 
nate. Looking next at the noncorrection method (lower right graph), 
we find essentially a replication of the earlier investigation. In gener- 
al, Fig. 4 shows that reinforcement predictions are consistently and 
decisively more accurate than all others, with frequency winning out 
over postremity in a close race. All three hypotheses improve in valid- 
ity as practice continues, and would probably converge if mastery 
were approached. 

The overall results of these four independent comparisons, pooling 
the observations of 292 subjects responding one or more times at 
58,400 choice points, are summarized in Fig. 5 as mean percentages 
(rounded) of correct predictions during Trials 2 to 20. With the ran- 
dom accuracy level at 10%, the reinforcement principle predicts 
70.9 % better than chance when the two noncorrection groups are av- 
eraged. Frequency and postremity exceed chance by only 36.0 and 
33.8 %, respectively. We may conclude that in the noncorrection situa- 
tion, reinforcement's accuracy for a 10-choice task is about twice that 
of its rivals. After five trials we can predict around 75% of the time 
what the initial R at the next choice point will be merely by keepinga 
record of the subject's reinforcement history. By Trial 18 the predict- 
ability is close to 90 %. Using frequency or postremity, our predictions 
on those same trials would average only 33 and 60 %, respectively. For 
analytic purposes, in consequence, maximum differentiation among 
the three hypotheses is provided by the noncorrection procedure, fol- 
lowed by the modified-correction and correction procedures in that 
order. In the correction method, since a reinforced response must 
always be last, no one will be surprised to find postremity predictin 
almost as well as reinforcement. Similarly, since the reinforced à 
sponse tends with extended practice to become the most fre "e 
response in the correction procedure, frequency also is able to мест, 
at about the same level as reinforcement. Regardless of pract; Predict 
od, however, E yal ан of the reinforcement Gomis: feral na 
learning is strikingly d : i ective 

g gly demonstrated in these analyses, At the same 
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vidual behavior (for carefully selected initial and boundary 
conditions) can be extended well into the 90% range. 

With respect to the continuity-noncontinuity issue, there are few 
relevant human-learning investigations, apart from a spate of recent 
verbal-behavior experiments on the role of item selection and other 
artifacts in producing ostensible "one-trial-learning" results. The 
methodological defects of the early paired-associate substitution de- 
signs have been exposed by Underwood and Keppel (1962). To the 
discomfiture of most S-S as well as some S-R noncontinuity theorists, 
those star-crossed studies turned out to be exercises in the control of 
performance factors rather than proofs that habit strength is saltatory. 
While no dogmatic assertion is possible yet on the question of all-or- 
none versus incremental principles of habit formation, it is manifest 
that advocates of the noncontinuity viewpoint have not exactly im- 
proved their defensive posture vis-à-vis those of the continuity per- 
suasion. The incrementalists are deployed in positions of. strength for 
several reasons: (1) most empirical group acquisition curves mea- 
sured in terms of R,, Ra, or Riy can be described as continuous positive 
functions of N (Hall, 1966; Woodworth & Schlosberg, 1954); (2) the 
results of animal discrimination studies have generally favored the 
continuity view (Kimble, 1961); (3) the rapidity of changes in learn- 
ing-set scores among infrahuman and human subjects is a cumulative 
function of the amount of interproblem training (Harlow, 1959); (4) 
human overlearning-retention experiments are consistent across 
memory drums and finger mazes in showing positive correlations and 
a diminishing-returns principle (MeGeoch & Irion, 1952); (5) the oc- 
casional appearance of discontinuous R, scores can be handled within 
continuity theory by attenuating the oscillation function, as in cases of 
increased experimental control (Spence, 1956). 

For a sampler of human selective-learning experiments supporting 
the incremental principle, I shall mention three. Prentice (1949) 
adapted the classic two-choice cue-reversal discrimination-learning 
paradigm for college students, finding the reversal group's perfor- 
mance inferior to that of the nonreversal group. This is as it should be 
if erstwhile reinforced choices must be extinguished and former 
avoidance responses replaced by approach when the cues are altered 
for the reversal subjects. In a similar investigation Walk (1952) also got 
continuity results from a pair of discrimination-learning experiments 
although the negative transfer effects were brief. Finally, there is а 
demonstration by Paul and Noble (1964) of the positive transfer effect 


f successive habi 
о eccessive habit reversals on the Mathometer which turned 
some evidenc alt 


€ inconsistent with the ahistorical postulate of Gestalt 


342 Clyde E. Noble 


theory. We noticed that the number of subjects attaining pee 
scores on the second postreversal trial of each block increased steadi < 
with amount of reversal training. These data were reanalyzed EE 
suggest that although insight may be a within-subject phenomenon, 


sedasa 
can be manipulated like any dependent variable, then assessed as 
between-subject effect. I 


n sharp refutation of the noncontinuity wads 
that insight is independent of repetitive training, Fig. 6 shows that the 
probability of one-tria] reversals occurring is a continuous positive 
function of N. 
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To recapitulate, the odds-on fay, 
reinforcement theory that assum ying continuity for the 
growth of associative (habit) strength, Now, in the final section, I turn 
to a brief review of the laws of selective learning, prefacing the discus- 
sion of each group of phenomena bya tentative coordination with the 
Gompertz-Courtis equation, 
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III. Laws of Selective Learning 


The empirical laws of selective learning are observed regulari- 
ties or consistencies that connect thr, 
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defined objects or events in multiple-choice situations. These groups 
of conditions are denoted by the traditional symbols S, O, and R: 
(1) S-variables include antecedent (input) events of an independent, 
manipulable, "causal" type, (2) O-variables include organismic, 
human-factor parameters of a modulating and mediating (i.e., anatom- 
ic, physiological) type, and (3) R-variables include consequent 
(output) events of a dependent, correlated, "effect" type. Our major 
interest is in R, = f(S,), as specified in Eq. (1). The frame of reference 
that one speaks of as S-O-R, therefore, is not a theory but a general 
functional orientation within which experimental and differential 
psychologists meet on common ground (Noble, 1966b). 

The laws of selective learning [В = f(S,,)] may be codified under the 
following five rubrics: (1) Task Complexity (S,), (2) Feedback Contin- 
gencies (S,), (3) Work Distribution (S,,), (4) Transfer of Training (S,), 
and (5) Individual and Group Differences (O., Ou, On, O,, O,). The R- 
variables may be measured in terms of frequency (К), amplitude (R,), 
or time (R,). Our descriptive schema, in abstract form, is: 


R = fIS,(S., So, Su, 5,, Oc, On, On, Op, О,)]. (4) 


This means that the empirical task in mathometrology* is to discover 
inductively the laws and interactions among these three classes of 
events. Here now are the five categories, with capsule reviews at- 
tached. 


A. COMPLEXITY OF TASK: R = f(S,) 


The S, factors are hypothesized to affect the parameters i and r of 
Eq. (1) in addition to the variance of R,, and they are believed to be 
nonassociational performance variables. 

Evidence supporting this principle comes from experiments that 
manipulated the number of available responses (Nx) and/or the num- 
ber of choice points (Np). As shown in the lower right portion of Fig.3 
significant differences due to Мк result (Noble, 1955) and the fits are 
good (Noble, 1957a). Other studies of Мк have produced comparable 
results (Noble, 1957b; Kaess & Zeaman, 1960; Seibel, 1963 
investigations of N, (Noble, 1953; Brogden & Schmidt, 195 
ble, 1957c, 1966a). Uniformity of the S-R sequence is 
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4a,b; No- 
à complexity 


"The term mathometrology is derived from Greek: manthano (to learn) " — 
(measure) + logos (field of study), It refers to the quantitative science of leamed rea 
ior. A mathometrologist (equal accents on second and fourth syllables) is the ae 
psychologist who specializes in observation, experimentation, measurem à ee 
theory pertaining to the phenomena occurring within the field of Теа ent, and 
mance. s E and perfor. 
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og: 
variable that influences difficulty as well as variability (Barch, E 
Farese & Noble, 1960). Some error curves from the Selective a s. 
eter are presented in Fig. 7. Other operations included under pic 
label are simultaneous VS successive presentation, месар 
terning, and cue similarity in two-choice discrimination tasks ( Tes 
& Duncan, 1952; Perkins, Banks, & Calvin, 1954; White & = ^ 
1960); display-control relationships (Adams, 1954a; Morin & boi 
1955; Nystrom & Grant, 1955; Fitts, 1964); and correction vs nc 
correction practice methods (Noble, 19663). 
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(Noble, 19662). Birch (1964) used a two-choice puzzle task to explore 
the relationship between difficulty and incentives; Morin and Grant 
(1955) employed the Multiple Serial Discrimeter to study the interac- 
tion of S, with corresponding vs noncorresponding S-R matches; and 
Terrell and Kennedy (1957) compared the effects of candy reward 
with praise or reproof in two-choice discrimination learning by chil- 
dren. On the motivating properties of feedback, there are significant 
experiments on noxious stimulation in maze learning by Jones (1945), 
Freeburne and Schneider (1955), Bevan and Adamson (1960), and by 
Feldman (1961). In the area of stress and motivating instructions a 
number of papers are relevant (Castaneda, 1956; Palermo, 1957; 
Birch, 1958; Fleishman, 1958; Lipsitt & LoLordo, 1963). The effects of 
nonreinforcement were investigated by Cantor and Spiker (1954) 
with a two-choice task, Hubbard (1951) with a three-choice task, 
and by Taylor and Noble (1962) with a four-choice task. An extension 
of the latter study (Noble, 1966a) produced the extinction curves 
shown in Fig. 8. Then there is the role of asymptotic restrictions in 
Eq. (1). When the a parameter was experimentally reduced from 1.00 
to .40 in different groups (Chambers & Noble, 1961), initial R, scores 
dropped correspondingly from .10 to .04 because a and i are multi- 
plied in Eq. (1). The acquisition curves growing toward appropriate 
final levels are presented in Fig. 9. It may be noted that the inflection 
points in this experiment occurred not at l/e on the ordinate but at 
ale, as predicted. 


C. WORK DISTRIBUTION: R = f(S,) 


The S, factors are hypothesized to affect only the r parameter of Eq. 
(1), and they are believed to influence learning by way of perfor- 
mance. 

Evidence supporting this principle comes from experiments that 
manipulated the number of response evocations in two-choice tasks 
(Siegel, 1950; Thompson, 1952) and the intertrial interval in ten- 
choice tasks (Noble & Taylor, 1959). Recent work with the Selective 
Mathometer using correction vs noncorrection practice methods 
and several intertrial intervals indicates that decrements in R, curves 
due to massed practice occur independently of reminiscence, even 
when habit strength is equated (Noble, 1968). The effects of different 
rates of pacing were compared with self-paced perforn 
Complex Coordinator (Adams, 1954b) and on the Multi 
crimeter (Nystrom, Morin, & Grant, 1955). Briggs 
examined part vs whole practice conditions, 
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experiments cited by Noble (1966a) which have employed a variety of 
lamp, key, and switch devices, two-choice discrimination apparatus, 
transposition problems, and spatial generalization tasks with children 
as well as adults (e.g., Brown, Clarke, & Stein, 1958; Jeffrey & Cohen, 
1964; Zeiler, 1964). 


E. INDIVIDUAL AND GROUP DIFFERENCES: R -f(O., On, On, Os, O,) 


The organismic or O factors [capacity (O,), drive (Oq), habit aptitude 
(O,), sex (O,), and age in years (О,)] are hypothesized to affect the pa- 
rameters а and r of Eq. (1), and they are believed to be performance 
variables. 

Evidence supporting this principle comes from experiments that 
employed batteries of printed and apparatus tests in conjunction with 
the Selective Mathometer wherein it was found that O, is relevant but 
neither О, nor O, (Noble et al., 1958c). Examples of R, acquisition 
curves varying only in the r parameter are shown in Fig. 10. Similar 
results have been seen for O, by Jones (1945) on the Finger Maze and 
by Adams (1957) on the Discrimination Reaction Timer (cf. Fig. 1). 
The latter apparatus also reveals significant differences and interac- 
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tions due to O,, Ou, O,, and O, (Grice, 1955; Noble, Baker, 
1964; Noble, 1966a; Noble & Hays, 1966) 


tion is more appropriate than Eq. ( 
employed (Noble, 1968).* The variables О, and O, have not yet been 
examined with the Selective Mathometer. Some investigators have 
gotten main effects of O, and S, x O, interactions on the Finger Maze, 
but others have not (Noble, 19663). Finally, Patel and Grant (1964) 
observed a three-factor S,x0,xS 


w interaction among subjects per- 
forming on the Multiple Serial Discrimeter. 


& Jones, 
‚ but an exponential equa- 
1) when speed scores (В) are 


IV. Summary 


This chapter has provided an outline of the variables, theories, 
and laws of human nonverbal sel 


ective learning. Multiple-choice situ- 


5Evidence of racial differences affecting the O, and O, parameters on the Discrimina- 
tion Reaction Timer is presented in a recent monograph 


(Noble, C. E., Perspectives in 
Biology and Medicine, 1969, 12, No. 4). 
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ations were presented in historical perspective together with a survey 
and classification of six contemporary selective-learning apparatus. 
Some theoretical aspects of selective learning were examined next, 
anda quantitative formulation of response probability (Б, scores was 


described. 
" ey 
The adequacy of the equation R, = a(i)" was evaluated by curve- 
s were rationalized. The average 


fitting techniques and its parameters 
predictability of group curves on the Selective Mathometer was 
analysis of 58,400 individual re- 


greater than 98%. A comparative 
sponse predictions under three methods of practice indicated that an 


S-R reinforcement theory is more tenable than a simple frequency or 
postremity viewpoint. For intermediate stages of practice on ten- 
choice noncorrection tasks, the average predictability for single sub- 
jects was about 81 ©. 

Finally, the laws of selective learning [R, = f(S,)] were classified 
under five headings: Task Complexity (S, Feedback Contingencies 
(S,), Work Distribution (Sw), Transfer of Training (S,), Individual and 
Group Differences (Oe, Oa, Oi, Os O,). Data generated from repre- 
sentative experimental variables are in close agreement with the 
equation, and its parameters vary according to theoretical expectation. 
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262, 263-264 

Verbal tasks, see also Motor skills 


information feedback and, 262-264, 
273-275, 278 


learning, 193-196 

retention, 171-176 
stimulated recall in, 196-199 
transfer, 231-232 


Vigilance, 69, see also Monitoring, Watch- 
keeping 


Ww 


Warm-up, sec History of skill 
Watchkeeping, 65-66, 70—73, 83, 86-87, 
90, see also Monitoring, Vigilance 
Whole-part, 12-13, 21-22, 232, see also 
Analysis, Component(s), History of 
skill, Transfer of training 
Within-tria] events, 178-187 
Work, see Distribution 
tained perform 
ules 
Work loading, 152-155 
Work-rest schedules, 75-87 
diumal cycles, 78-85 
of long duration, 79-85: 
of short duration, 77-79 
sleep loss, 78, 85 
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